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GENES FOR THE BIOSYNTHESIS OF EPOTHILONES 

FIELD OF THE INVENTION 

The present invention relates generally to polyketides and genes for their synthesis, 
in particular, the present invention relates to the isolation and characterization of novel poiy- 
ketide synthase and nonribosomal peptide synthetase genes from Sorangium cellulosum 
that are necessary for the biosynthesis of epothilones A and B. 

BACKGROUND OF THE INVENTION 

Polyketides are compounds synthesized from two-carbon building blocks, the p- 
carbon of which always carries a keto group, thus the name polyketide. These compounds 
include many important antibiotics, immunosuppressants, cancer chemotherapeutic agents, 
and other compounds possessing a broad range of biological properties. The tremendous 
structural diversity derives from the different lengths of the polyketide chain, the different 
side-chains introduced (either as part of the two-carbon building blocks or after the poly- 
ketide backbone is formed), and the stereochemistry of such groups. The keto groups may 
also be reduced to hydroxyls, enoyls, or removed altogether. Each round of two-carbon 
addition is carried out by a complex of enzymes called the polyketide synthase (PKS) in a 
manner similar to fatty acid biosynthesis. 

The biosynthetic genes for an increasing number of polyketides have been isolated 
and sequenced. For example, see U.S. Patent Nos. 5.639,949, 5,693,774, and 5,716,849, 
all of which are incorporated herein by reference, which describe genes for the biosynthesis 
of soraphen. See also, Schupp et a/., FEMS Microbiology Letters 159: 201-207 (1998) and 
WO 98/07868, which describe genes for the biosynthesis of rifamycin, and U.S. Patent No. 
5,876,991 , which describes genes for the biosynthesis of tylactone, all of which are incorpo- 
rated herein by reference. The encoded proteins generally fall into two types: type I and 
type II. Type I proteins are polyfunction^, with several catalytic domains carrying out diffe- 
rent enzymatic steps covalently linked together (e.g. PKS for erythromycin, soraphen, rifa- 
mycin, and avermectin (MacNeil et a/., in Industrial Microorganisms: Basic and Applied Mo- 
lecular Genetics, (ed.: Baltz et a/.), American Society for Microbiology, Washington D. C. 
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pp. 245-256 (1993)); whereas type ti proteins are monofunctional (Hutchinson et a/. ( in 
Industrial Microorganisms: Basic and Applied Molecular Genetics, (ed.: Baltz et a/.), 
American Society for Microbiology, Washington D. C. pp. 203-216 (1993)). 

For the simpler poiyketides such as actinorhodin (produced by Streptomyces 
coelicolor), the several rounds of two-carbon additions are carried out iteratively on PKS 
enzymes encoded by one set of PKS genes. In contrast, synthesis of the more complicated 
compounds such as erythromycin and soraphen involves PKS enzymes that are organized 
into modules, whereby each module carries out one round of two-carbon addition (for re- 
view, see Hopwood etaL, in Industrial Microorganisms: Basic and Applied Molecular Gene- 
tics, (ed.: Baltz et a/.), American Society for Microbiology, Washington D. C, pp. 267-275 
(1993)). 

Complex poiyketides and secondary metabolites in general may contain substructu- 
res that are derived from amino acids instead of simple carboxylic acids. Incorporations of 
these building blocks are accomplished by non-ribosomal polypeptide synthetases 
(NRPSs). NRPSs are multienzymes that are organized in modules. Each module is respon- 
sible for the addition (and the additional processing, if required) of one amino acid building 
block. NRPSs activate amino acids by forming aminoacyl-adenylates, and capture the acti- 
vated amino acids on thiol groups of phophopantheteinyl prosthetic groups on peptidyl car- 
rier protein domains. Further, NRPSs modify the amino acids by epimerization, N-methyla- 
tion. or cyclization if necessary, and catalyse the formation of peptide bonds between the 
enzyme-bound amino acids. NRPSs are responsible for the biosynthesis of peptide secon- 
dary metabolites like cyclosporin, could provide polyketide chain terminator units as in rapa- 
mycin, or form mixed systems with PKSs as in yersiniabactin biosynthesis. 

Epothilones A and B are 16-membered macrocyclic poiyketides with an acylcyste- 
ine-derived starter unit that are produced by the bacterium Sorangium cellulosum strain So 
ce90 (Gerth etal. t J. Antibiotics 49: 560-563 (1996), incorporated herein by reference). The 
structure of epothilone A and B wherein R signifies hydrogen (epothilone A) or methyl (epo- 
thilone B) is: 
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The epothilones have a narrow antifungal spectrum and especially show a high 
cytotoxicity in animal cell cultures {see, Hofle et a/. ( Patent DE 4138042 (1993), incorpo- 
rated herein by reference). Of significant importance, epothilones mimic the biological 
effects of taxol, both in vivo and in cultured cells (Bollag etaL, Cancer Research 55: 2325- 
2333 (1995), incorporated herein by reference). Taxol and taxotere, which stabilize cellular 
microtubules, are cancer chemotherapeutic agents with significant activity against various 
human solid tumors (Rowinsky et ai t J. Natl. Cancer Inst 83: 1778-1781 (1991)). Competi- 
tion studies have revealed that epothilones act as competitive inhibitors of taxol binding to 
microtubules, consistent with the interpretation that they share the same microtubule-bin- 
ding site and possess a similar microtubule affinity as taxol. However, epothilones enjoy a 
significant advantage over taxol in that epothilones exhibit a much lower drop in potency 
compared to taxol against a multiple drug-resistant cell line (Bollag et a/. (1995)). Further- 
more, epothilones are considerably less efficiently exported from the ceils by P-glycoprotein 
than is taxol (Gerth et a/. (1996)). In addition, several epothilone analogs have been syn- 
thesized that have a superior cytotoxic activity as compared to epothilone A or epothilone B 
as demonstrated by their enhanced ability to induce the polymerization and stabilization of 
microtubules (WO 98/25929, incorporated herein by reference). 

Despite the promise shown by the epothilones as anticancer agents, problems per- 
taining to the production of these compounds presently limit their commercial potential. The 
compounds are too complex for industrial-scale chemical synthesis and so must be produ- 
ced by fermentation. Techniques for the genetic manipulation of myxobacteria such as 
Sorangium cellulosum are described in U.S. Patent No. 5,686,295, incorporated herein by 
reference. However, Sorangium cellulosum is notoriously difficult to ferment and production 
levels of epothilones are therefore low. Recombinant production of epothilones in hetero- 
logous hosts that are more amenable to fermentation could solve current production pro- 
blems. However, the genes that encode the polypeptides responsible for epothilone bio- 
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synthesis have heretofore not been isolated. Furthermore, the strain that produces epo- 
thilones, i.e. So ce90 t also produces at least one additional polyketide, spirangien, which 
would be expected to greatly complicate the isolation of the genes particularly responsible 
for epothilone biosynthesis. 

Therefore, in view of the foregoing, one object of the present invention is to isolate 
the genes that are involved in the synthesis of epothilones, particularly the genes that are 
involved in the synthesis of epothilones A and B in myxobacteria of the Sorangium/- 
Polyangium group, i.e., Sorangium cellulosum strain So ce90. A further object of the 
invention is to provide a method for the recombinant production of epothilones for 
application in anticancer formulations. 

SUMMARY OF THE INVENTION 

In furtherance of the aforementioned and other objects, the present invention unex- 
pectedly overcomes the difficulties set forth above to provide for the first time a nucleic acid 
molecule comprising a nucleotide sequence that encodes at least one polypeptide involved 
in the biosynthesis of epothilone. In a preferred embodiment, the nucleotide sequence is 
isolated from a species belonging to Myxobacteria, most preferably Sorangium cellulosum. 

In another preferred embodiment, the present invention provides an isolated nucleic 
acid molecule comprising a nucleotide sequence that encodes at least one polypeptide in- 
volved in the biosynthesis of an epothilone, wherein said polypeptide comprises an amino 
acid sequence substantially similar to an amino acid sequence selected from the group con- 
sisting of: SEQ ID NO:2, amino acids 1 1-437 of SEQ ID NO:2, amino acids 543-864 of SEQ 
ID NO:2, amino acids 974-1273 of SEQ ID NO:2, amino acids 1314-1385 of SEQ ID NO:2. 
SEQ ID NO:3, amino acids 72-81 of SEQ ID NO:3, amino acids 1 18-125 of SEQ ID NO:3 ( 
amino acids 199-212 of SEQ ID NO:3, amino acids 353-363 of SEQ ID NO:3, amino acids 
549-565 of SEQ ID NO:3, amino acids 588-603 of SEQ ID NO:3, amino acids 669-684 of 
SEQ ID NOf3, amino acids 815-821 of SEQ ID NO:3, amino acids 868-892 of SEQ ID NO:3, 
amino acids 903-912 of SEQ ID NO:3, amino acids 918-940 of SEQ ID.NO:3, amino acids 
1268-1274 of SEQ ID NO:3, amino acids 1285-1297 of SEQ ID NO:3, amino acids 973- 
1256 of SEQ ID NO:3, amino acids 1344-1351 of SEQ ID NO:3, SEQ ID NO:4, amino acids 
7-432 of SEQ ID NO:4, amino acids 539-859 of SEQ ID NO:4, amino acids 869-1037 of 
SEQ ID NO:4, amino acids 1439-1684 of SEQ ID NO:4, amino acids 1722-1792 of SEQ ID 
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NO:4 ( SEQ ID NO:5, amino acids 39-457 of SEQ ID NO:5 ( amino acids 563-884 of SEQ ID 
NO:5, amino acids 1 147-1399 of SEQ ID NO:5, amino acids 1434-1506 of SEQ ID NO:5, 
amino acids 1524-1950 of SEQ ID NO:5 f amino acids 2056-2377 of SEQ ID NO:5, amino 
acids 2645-2895 of SEQ ID NO:5, amino acids 2932-3005 of SEQ ID NO:5, amino acids 
3024-3449 of SEQ ID NO:5 t amino acids 3555-3876 of SEQ ID NO:5, amino acids 3886- 
4048 of SEQ ID NO:5, amino acids 4433-4719 of SEQ ID NO:5, amino acids 4729-4974 of 
SEQ ID NO:5, amino acids 5010-5082 of SEQ ID NO:5, amino acids 5103-5525 of SEQ ID 
NO:5, amino acids 5631-5951 of SEQ ID NO:5, amino acids 5964-6132 of SEQ ID NO:5, 
amino acids 6542-6837 of SEQ ID NO:5, amino acids 6857-7101 of SEQ ID NO:5, amino 
acids 7140-7211 of SEQ ID NO:5, SEQ ID NO:6 t amino acids 35-454 of SEQ ID NO:6 ( 
amino acids 561-881 of SEQ ID NO:6, amino acids 1 143-1393 of SEQ ID NO:6, amino 
acids 1430-1503 of SEQ ID NO:6, amino acids 1522-1946 of SEQ ID NO: 6, amino acids 
2053-2373 of SEQ ID NO:6 t amino acids 2383-2551 of SEQ ID NO:6 t amino acids 2671- 
3045 of SEQ ID NO:6 t amino acids 3392-3636 of SEQ ID NO:6, amino acids 3673-3745 of 
SEQ ID NO:6, SEQ ID NO:7, amino acids 32-450 of SEQ ID NO:7, amino acids 556-877 of 
SEQ ID NO:7, amino acids 887-1051 of SEQ ID NO:7, amino acids 1478-1790 of SEQ ID 
NO:7, amino acids 1810-2055 of SEQ ID NO:7, amino acids 2093-2164 of SEQ ID NO:7, 
amino acids 2165-2439 of SEQ ID NO:7. SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:1 1, 
and SEQ ID NO:22. 

In a more preferred embodiment, the present invention provides an isolated nucleic 
acid molecule comprising a nucleotide sequence that encodes at least one polypeptide in- 
volved in the biosynthesis of an epothilone. wherein said polypeptide comprises an amino 
acid sequence selected from the group consisting of: SEQ ID NO:2, amino acids 1 1-437 of 
SEQ ID NO:2, amino acids 543-864 of SEQ ID NO:2, amino acids 974-1273 of SEQ ID 
NO:2, amino acids 1314-1385 of SEQ ID NO:2, SEQ ID NO:3. amino acids 72-81 of SEQ ID 
NO:3, amino acids 1 18-125 of SEQ ID NO:3, amino acids 199-212 of SEQ ID NO:3, amino 
acids 353-363 of SEQ ID NO:3, amino acids 549-565 of SEQ ID NO:3, amino acids 588- 
603 of SEQ ID NO:3, amino acids 669-684 of SEQ ID NO:3 f amino acids 815-821 of SEQ 
ID NO:3 ( amino acids 868-892 of SEQ ID NO:3, amino acids 903-912 of SEQ ID NO:3, 
amino acids 918-940 of SEQ ID NO:3, amino acids 1268-1274 of SEQ ID NO:3, amino 
acids 1285-1297 of SEQ ID NO:3 t amino acids 973-1256 of SEQ ID NO:3, amino acids 
1344-1351 of SEQ ID NO:3, SEQ ID NO:4 ? amino acids 7-432 of SEQ ID NO:4 t amino acids 
539-859 of SEQ ID NO:4, amino acids 869-1037 of SEQ ID NO:4, amino acids 1439-1684 
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of SEQ ID NO:4, amino acids 1722-1792 of SEQ ID NO:4, SEQ ID NO:5, amino acids 39- 
457 of SEQ ID NO:5, amino acids 563-884 of SEQ ID NO:5, amino acids 1 147-1399 of 
SEQ ID NO:5, amino acids 1434-1506 of SEQ ID NO:5, amino acids 1524-1950 of SEQ ID 
NO:5, amino acids 2056-2377 of SEQ ID NO:5 t amino acids 2645-2895 of SEQ ID NO:5 t 
amino acids 2932-3005 of SEQ ID NO:5, amino acids 3024-3449 of SEQ ID NO:5, amino 
acids 3555-3876 of SEQ ID NO:5, amino acids 3886-4048 of SEQ ID NO:5, amino acids 
4433-4719 of SEQ ID NO:5, amino acids 4729-4974 of SEQ ID NO:5, amino acids 5010- 
5082 of SEQ ID NO:5 ( amino acids 5103-5525 of SEQ ID NO:5, amino acids 5631-5951 of 
SEQ ID NO:5, amino acids 5964-6132 of SEQ ID NO:5, amino acids 6542-6837 of SEQ ID 
NO:5, amino acids 6857-7101 of SEQ ID NO:5 t amino acids 7140-721 1 of SEQ ID NO:5, 
SEQ ID NO:6. amino acids 35-454 of SEQ ID NO:6, amino acids 561-881 of SEQ ID NO:6, 
amino acids 1 143-1393 of SEQ ID NO:6, amino acids 1430-1503 of SEQ ID NO:6, amino 
acids 1522-1946 of SEQ ID NO: 6, amino acids 2053-2373 of SEQ ID NO:6, amino acids 
2383-2551 of SEQ ID NO:6, amino acids 2671-3045 of SEQ ID NO:6 t amino acids 3392- 
3636 of SEQ ID NO:6, amino acids 3673-3745 of SEQ ID NO:6, SEQ ID NO:7, amino acids 
32-450 of SEQ ID NO:7, amino acids 556-877 of SEQ ID NO:7, amino acids 887-1051 of 
SEQ ID NO:7, amino acids 1478-1790 of SEQ ID NO:7, amino acids 1810-2055 of SEQ ID 
NO:7, amino acids 2093-2164 of SEQ ID NO:7, amino acids 2165-2439 of SEQ ID NO:7, 
SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:11, and SEQ ID NO:22. 

In yet another preferred embodiment, the present invention provides an isolated 
nucleic acid molecule comprising a nucleotide sequence that encodes at least one polypep- 
tide involved in the biosynthesis of an epothilone, wherein said nucleotide sequence is 
substantially similar to a nucleotide sequence selected from the group consisting of: the 
complement of nucleotides 1900-3171 of SEQ ID NO:1, nucleotides 3415-5556 of SEQ ID 
NO:1, nucleotides 7610-11875 of SEQ ID NO:1, nucleotides 7643-8920 of SEQ ID NO:1 t 
nucleotides 9236-10201 of SEQ ID NO:1 f nucleotides 10529-11428 of SEQ ID NO:1, 
nucleotides 11549-11764 of SEQ ID NO:1, nucleotides 11872-16104 of SEQ ID NO:1, 
nucleotides "12085-1 21 14 of SEQ ID NO:1 f nucleotides 12223-12246 of SEQ ID NO:1, 
nucleotides 12466-12507 of SEQ ID NO:1 f nucleotides 12928-12960 of SEQ ID NO:1. 
nucleotides 13516-13566 of SEQ ID NO:1, nucleotides 13633-13680 of SEQ ID NO:1 t 
nucleotides 13876-13923 of SEQ ID NO:1, nucleotides 14313-14334 of SEQ ID NO:1, 
nucleotides 14473-14547 of SEQ ID NO:1 ( nucleotides 14578-14607 of SEQ ID NO:1, 
nucleotides 14623-14692 of SEQ ID NO:1, nucleotides 15673-15693 of SEQ ID NO:1, 
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nucleotides 


15724-15762 of SEQ ID 


NO:1 


, nucleotides 


14788-15639 of SEQ 


ID 


NO: 


nucleotides 


15901-15924 of SEQ ID 


NO:1 


, nucleotides 


16251-21749 of SEQ 


ID 


NO: 


nucleotides 


16269-17546 of SEQ ID 


IMO:1 


, nucleotides 


17865-18827 of SEQ 


ID 


NO: 


nucleotides 


18855-19361 of SEQ ID 


NO:1 


, nucleotides 


20565-21302 of SEQ 


ID 


NO: 


nucleotides 


21414-21626 of SEQ ID 


NO:1 


, nucleotides 


21746-43519 of SEQ 


ID 


NO: 


nucleotides 


21860-231 16 of SEQ ID 


NO:1 


, nucleotides 


23431-24397 of SEQ 


ID 


NO: 


nucleotides 


25184-25942 of SEQ ID 


NO:1 


, nucleotides 


26045-26263 of SEQ 


ID 


NO: 


nucleotides 


26318-27595 of SEQ ID 


NO:1 


, nucleotides 


27911-28876 of SEQ 


ID 


NO: 


nucleotides 


29678-30429 of SEQ ID 


NO:1 


, nucleotides 


30539-30759 of SEQ 


ID 


NO: 


nucleotides 


3081 5-32092 of SEQ ID 


NO:1 


, nucleotides 


32408-33373 of SEQ 


ID 


NO: 


nucleotides 


33401-33889 of SEQ ID 


NO:1 


, nucleotides 


35042-35902 of SEQ 


ID 


NO: 


nucleotides 


35930-36667 of SEQ ID 


NO:1 


, nucleotides 


36773-36991 of SEQ 


ID 


NO: 


nucleotides 


37052-38320 of SEQ ID 


NO:1 


, nucleotides 


38636-39598 of SEQ 


ID 


NO: 


nucleotides 


39635-40141 of SEQ ID 


NO:1 


, nucleotides 


41369-42256 of SEQ 


ID 


NO: 


nucleotides 


42314-43048 of SEQ ID 


NO:1 


, nucleotides 


43163-43378 of SEQ 


ID 


NO: 


nucleotides 


43524-54920 of SEQ ID 


NO:1 


, nucleotides 


43626-44885 of SEQ 


ID 


NO: 


nucleotides 


45204-46166 of SEQ ID 


NO:1 


, nucleotides 


46950-47702 of SEQ 


ID 


NO: 


nucleotides 


4781 1-48032 of SEQ ID 


NO:1 


, nucleotides 


48087-49361 of SEQ 


ID 


NO: 


nucleotides 


49680-50642 of SEQ ID 


NO:1 


, nucleotides 


50670-51 176 of SEQ 


ID 


NO: 


nucleotides 


51534-52657 of SEQ ID 


NO:1 


, nucleotides 


53697-54431 of SEQ 


ID 


NO: 


nucleotides 


54540-54758 of SEQ ID 


NO:1 


, nucleotides 


54935-62254 of SEQ 


ID 


NO: 


nucleotides 


55028-56284 of SEQ ID 


NO:1 


, nucleotides 


56600-57565 of SEQ 


ID 


NO: 


nucleotides 


57593-58087 of SEQ ID 


NO:1 


, nucleotides 


59366-60304 of SEQ 


ID 


NO: 


nucleotides 


60362-61099 of SEQ ID 


NO:1 


, nucleotides 


61211-61426 of SEQ 


ID 


NO: 


nucleotides 


61427-62254 of SEQ ID 


NO:1 


, nucleotides 


62369-63628 of SEQ 


ID 


NO: 


nucleotides 


67334-68251 of SEQ ID 


NO:1 


, and nucleotides 1-68750 SEQ ID 


NO:1. 



In an especially preferred embodiment, the present invention provides a nucleic acid 
molecule comprising a nucleotide sequence that encodes at least one polypeptide involved 
in the biosynthesis of an epothiione, wherein said nucleotide sequence is selected from the 
group consisting of: the complement of nucleotides 1900-3171 of SEQ ID NO:1, nucleotides 
3415-5556 of SEQ ID NO:1 , nucleotides 7610-1 1875 of SEQ ID NO:1 t nucleotides 7643- 
8920 of SEQ ID NO: 1, nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 10529-11428 
of SEQ ID NO:1, nucleotides 11549-11764 of SEQ ID NO:1, nucleotides 11872-16104 of 
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SEQ ID NO:1, nucleotides 12085-12114 of SEQ ID NO:1 t nucleotides 12223-12246 of SEQ 
ID NO:1, nucleotides 12466-12507 of SEQ ID NO:1, nucleotides 12928-12960 of SEQ ID 
NO:1 ( nucleotides 13516-13566 of SEQ ID NO:1, nucleotides 13633-13680 of SEQ ID 
NO:1, nucleotides 13876-13923 of SEQ ID NO:1, nucleotides 14313-14334 of SEQ ID 
NO: 1, nucleotides 14473-14547 of SEQ ID NO:1, nucleotides 14578-14607 of SEQ ID 
NO:1, nucleotides 14623-14692 of SEQ ID NO:1, nucleotides 15673-15693 of SEQ ID 
NO: 1, nucleotides 15724-15762 of SEQ ID NO:1, nucleotides 14788-15639 of SEQ ID 
NO:1, nucleotides 15901-15924 of SEQ ID NO:1 t nucleotides 16251-21749 of SEQ ID 
NO:1, nucleotides 16269-17546 of SEQ ID NO:1, nucleotides 17865-18827 of SEQ ID 
NO:1, nucleotides 18855-19361 of SEQ ID NO:1 ( nucleotides 20565-21302 of SEQ ID 
NO:1. nucleotides 21414-21626 of SEQ ID NO:1 t nucleotides 21746-43519 of SEQ ID 
NO:1 f nucleotides 21860-231 16 of SEQ ID NO:1, nucleotides 23431-24397 of SEQ ID 
NO:1, nucleotides 25184-25942 of SEQ ID NO:1 ( nucleotides 26045-26263 of SEQ ID 
NO:1, nucleotides 26318-27595 of SEQ ID NO:1, nucleotides 27911-28876 of SEQ ID 
NO:1, nucleotides 29678-30429 of SEQ ID NO:1, nucleotides 30539-30759 of SEQ ID 
NO:1, nucleotides 30815-32092 of SEQ ID NO:1, nucleotides 32408-33373 of SEQ ID 
NO:1, nucleotides 33401-33889 of SEQ ID NO:1 t nucleotides 35042-35902 of SEQ ID 
NO:1 , nucleotides 35930-36667 of SEQ ID NO:1 , nucleotides 36773-36991 of SEQ ID 
NO:1 , nucleotides 37052-38320 of SEQ ID NO:1 , nucleotides 38636-39598 of SEQ ID 
NO:1, nucleotides 39635-40141 of SEQ ID NO:1, nucleotides 41369-42256 of SEQ ID 
NO:1 , nucleotides 42314-43048 of SEQ ID NO:1 , nucleotides 43163-43378 of SEQ ID 
NO:1 , nucleotides 43524-54920 of SEQ ID NO:1 , nucleotides 43626-44885 of SEQ ID 
NO:1 ( nucleotides 45204-46166 of SEQ ID NO:1, nucleotides 46950-47702 of SEQ ID 
NO:1, nucleotides 47811-48032 of SEQ ID NO:1, nucleotides 48087-49361 of SEQ ID 
NO:1 , nucleotides 49680-50642 of SEQ ID NO:1 , nucleotides 50670-51176 of SEQ ID 
NO:1, nucleotides 51534-52657 of SEQ ID NO:1, nucleotides 53697-54431 of SEQ ID 
NO:1, nucleotides 54540-54758 of SEQ ID NO:1. nucleotides 54935-62254 of SEQ ID 
NO:1 ( nucleotides 55028-56284 of SEQ ID NO:1, nucleotides 56600-57565 of SEQ ID 
NO:1, nucleotides 57593-58087 of SEQ ID NO:1, nucleotides 59366-60304 of SEQ ID 
NO: 1, nucleotides 60362-61099 of SEQ ID NO:1, nucleotides 61211-61426 of SEQ ID 
NO:1, nucleotides 61427-62254 of SEQ ID NO:1, nucleotides 62369-63628 of SEQ ID 
NO:1 f nucleotides 67334-68251 of SEQ ID NO:1, and nucleotides 1-68750 SEQ ID NO:l. 
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ln yet another preferred embodiment, the present invention provides an isolated 
nucleic acid molecule comprising a nucleotide sequence that encodes at least one 
polypeptide involved in the biosynthesis of an epothilone, wherein said nucleotide sequence 
comprises a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base pair nucleotide 
portion identical in sequence to a respective consecutive 20, 25, 30, 35, 40, 45, or 50 
(preferably 20) base pair portion of a nucleotide sequence selected from the group 
consisting of: the complement of nucleotides 1900-3171 of SEQ ID NO:1, nucleotides 3415- 
5556 of SEQ ID NO:1, nucleotides 7610-11875 of SEQ ID NO:1, nucleotides 7643-8920 of 
SEQ ID NO:1, nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 10529-11428 of SEQ 
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NO:1 , nucleotides 4781 1-48032 of SEQ ID NO:1 , nucleotides 48087-49361 of SEQ ID 
NO:1, nucleotides 49680-50642 of SEQ ID NO:1, nucleotides 50670-51176 of SEQ ID 
NO:1, nucleotides 51534-52657 of SEQ ID NO:1, nucleotides 53697-54431 of SEQ ID 
NO:1, nucleotides 54540-54758 of SEQ ID NO:1 ( nucleotides 54935-62254 of SEQ ID 
NO:1, nucleotides 55028-56284 of SEQ ID NO:1 f nucleotides 56600-57565 of SEQ ID 
NO:1, nucleotides 57593-58087 of SEQ ID NO:1, nucleotides 59366-60304 of SEQ ID 
NO:1, nucleotides 60362-61099 of SEQ ID NO:1 f nucleotides 61211-61426 of SEQ ID 
NO:1, nucleotides 61427-62254 of SEQ ID NO:1, nucleotides 62369-63628 of SEQ ID 
NO:1, nucleotides 67334-68251 of SEQ ID NO:1, and nucleotides 1-68750 SEQ ID NO:1. 

The present invention also provides a chimeric gene comprising a heterologous pro- 
moter sequence operatively linked to a nucleic acid molecule of the invention. Further, the 
present invention provides a recombinant vector comprising such a chimeric gene, wherein 
the vector is capable of being stably transformed into a host ceil. Still further, the present 
invention provides a recombinant host cell comprising such a chimeric gene, wherein the 
host cell is capable of expressing the nucleotide sequence that encodes at least one poly- 
peptide necessary for the biosynthesis of an epothilone. In a preferred embodiment, the 
recombinant host cell is a bacterium belonging to the order Actinomycetales, and in a more 
preferred embodiment the recombinant host cell is a strain of Streptomyces. in other embo- 
diments, the recombinant host cell is any other bacterium amenable to fermentation, such 
as a pseudomonad or E. co//. Even further, the present invention provides a Bac clone 
comprising a nucleic acid molecule of the invention, preferably Bac clone pEP015. 

In another aspect, the present invention provides an isolated nucleic acid molecule 
comprising a nucleotide sequence that encodes an epothilone synthase domain. 

According to one embodiment, the epothilone synthase domain is a (J-ketoacyl-syn- 
thase (KS) domain comprising an amino acid sequence substantially similar to an amino 
acid sequence selected from the group consisting of: amino acids 1 1-437 of SEQ ID NO:2, 
amino acids 7-432 of SEQ ID NO:4, amino acids 39-457 of SEQ ID NO:5 t amino acids 
1524-1950 of SEQ ID NO:5, amino acids 3024-3449 of SEQ ID NO:5, amino acids 5103- 
5525 of SEQ ID NO:5 ( amino acids 35-454 of SEQ ID NO:6, amino acids 1522-1946 of 
SEQ ID NO: 6, and amino acids 32-450 of SEQ ID NO:7. According to this embodiment, 
said KS domain preferably comprises an amino acid sequence selected from the group 
consisting of: amino acids 1 1-437 of SEQ ID NO:2, amino acids 7-432 of SEQ ID NO:4. 
amino acids 39-457 of SEQ ID NO:5 t amino acids 1524-1950 of SEQ ID NO:5, amino acids 
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3024-3449 of SEQ ID NO:5, amino acids 5103-5525 of SEQ ID NO:5, amino acids 35-454 
of SEQ ID NO:6, amino acids 1522-1946 of SEQ ID NO: 6, and amino acids 32-450 of SEQ 
ID NO:7. Also, according to this embodiment, said nucleotide sequence preferably is 
substantially similar to a nucleotide sequence selected from the group consisting of: nucleo- 
tides 7643-8920 of SEQ ID NO:1, nucleotides 16269-17546 of SEQ ID NO:1, nucleotides 
21860-23116 of SEQ ID NO: 1 , nucleotides 26318-27595 of SEQ ID NO:1, nucleotides 
30815-32092 of SEQ ID NO:1, nucleotides 37052-38320 of SEQ ID NO: 1, nucleotides 
43626-44885 of SEQ ID NO:1, nucleotides 48087-49361 of SEQ ID NO:1, and nucleotides 
55028-56284 of SEQ ID NO:1. According to this embodiment, said nucleotide sequence 
more preferably comprises a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base 
pair nucleotide portion identical in sequence to a respective consecutive 20, 25, 30, 35, 40, 
45, or 50 (preferably 20) base pair portion of a nucleotide sequence selected from the 
group consisting of: nucleotides 7643-8920 of SEQ ID NO:1, nucleotides 16269-17546 of 
SEQ ID NO: 1, nucleotides 21860-23116 of SEQ ID NO:1, nucleotides 26318-27595 of SEQ 
ID NO:1, nucleotides 30815-32092 of SEQ ID NO:1, nucleotides 37052-38320 of SEQ ID 
NO:1, nucleotides 43626-44885 of SEQ ID NO:1, nucleotides 48087-49361 of SEQ ID 
NO:1 , and nucleotides 55028-56284 of SEQ ID NO:1 . In addition, according to this embo- 
diment, said nucleotide sequence most preferably is selected from the group consisting of: 
nucleotides 7643-8920 of SEQ ID NO:1 t nucleotides 16269-17546 of SEQ ID NO:1, nucle- 
otides 21860-231 16 of SEQ ID NO:1 , nucleotides 26318-27595 of SEQ ID NO:1 , nucleo- 
tides 30815-32092 of SEQ ID NO:1 , nucleotides 37052-38320 of SEQ ID NO:1, nucleotides 
43626-44885 of SEQ ID NO:1, nucleotides 48087-49361 of SEQ ID NO:1, and nucleotides 
55028-56284 of SEQ ID NO:1. 

According to another embodiment, the epothilone synthase domain is an acyltrans- 
ferase (AT) domain comprising an amino acid sequence substantially similar to an amino 
acid sequence selected from the group consisting of: amino acids 543-864 of SEQ ID NO:2, 
amino acids 539-859 of SEQ ID NO:4 ( amino acids 563-884 of SEQ ID NO:5, amino acids 
2056-2377 of SEQ ID NO:5, amino acids 3555-3876 of SEQ ID NO:5, amino acids 5631- 
5951 of SEQ ID NO:5, amino acids 561-881 of SEQ ID NO:6, amino acids 2053-2373 of 
SEQ ID NO:6, and amino acids 556-877 of SEQ ID NO:7. According to this embodiment, 
said AT domain preferably comprises an amino acid sequence selected from the group 
consisting of: amino acids 543-864 of SEQ ID NO:2, amino acids 539-859 of SEQ ID NO:4, 
amino acids 563-884 of SEQ ID NO:5, amino acids 2056-2377 of SEQ ID NO:5, amino 
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acids 3555-3876 of SEQ ID NO:5, amino acids 5631-5951 of SEQ ID NO:5, amino acids 
561-881 of SEQ ID NO:6, amino acids 2053-2373 of SEQ ID NO:6, and amino acids 556- 
877 of SEQ ID NO:7. Also, according to this embodiment, said nucleotide sequence pre- 
ferably is substantially similar to a nucleotide sequence selected from the group consisting 
of: nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 17865-18827 of SEQ ID NO:1, 
nucleotides 23431-24397 of SEQ ID NO:1, nucleotides 2791 1-28876 of SEQ ID NO:1, 
nucleotides 32408-33373 of SEQ ID NO:1, nucleotides 38636-39598 of SEQ ID NO:1, 
nucleotides 45204-46166 of SEQ ID NO:1, nucleotides 49680-50642 of SEQ ID NO:1, and 
nucleotides 56600-57565 of SEQ ID NO: 1. According to this embodiment, said nucleotide 
sequence more preferably comprises a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 
20) base pair nucleotide portion identical in sequence to a respective consecutive 20, 25, 
30, 35, 40, 45, or 50 (preferably 20) base pair portion of a nucleotide sequence selected 
from the group consisting of: nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 17865- 
18827 of SEQ ID NO:1, nucleotides 23431-24397 of SEQ IDNO:1, nucleotides 27911- 
28876 of SEQ ID NO:1 , nucleotides 32408-33373 of SEQ ID NO:1, nucleotides 38636- 
39598 of SEQ ID NO:1, nucleotides 45204-46166 of SEQ ID NO:1, nucleotides 49680- 
50642 of SEQ ID NO:1 , and nucleotides 56600-57565 of SEQ ID NO:1 . In addition, accor- 
ding to this embodiment, said nucleotide sequence most preferably is selected from the 
group consisting of: nucleotides 9236-10201 of SEQ ID NO:1 , nucleotides 17865-18827 of 
SEQ ID NO:1 , nucleotides 23431-24397 of SEQ ID NO:1 , nucleotides 2791 1-28876 of SEQ 
ID NO: 1, nucleotides 32408-33373 of SEQ ID NO:1, nucleotides 38636-39598 of SEQ ID 
NO:1, nucleotides 45204-46166 of SEQ ID NO:1, nucleotides 49680-50642 of SEQ ID 
NO:1 ( and nucleotides 56600-57565 of SEQ ID NO:1. 

According to still another embodiment, the epothilone synthase domain is an enoyl 
reductase (ER) domain comprising an amino acid sequence substantially similar to an ami- 
no acid sequence selected from the group consisting of: amino acids 974-1273 of SEQ ID 
NO:2, amino acids 4433-4719 of SEQ ID NO:5 ( amino acids 6542-6837 of SEQ ID NO:5, 
and amino acids 1478-1790 of SEQ ID NO:7. According to this embodiment, said ER do- 
main preferably comprises an amino acid sequence selected from the group consisting of: 
amino acids 974-1273 of SEQ ID NO:2, amino acids 4433-4719 of SEQ ID NO:5, amino 
acids 6542-6837 of SEQ ID NO:5 t and amino acids 1478-1790 of SEQ ID NO:7. Also, ac- 
cording to this embodiment, said nucleotide sequence preferably is substantially similar to a 
nucleotide sequence selected from the group consisting of: nucleotides 10529-11428 of 
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SEQ ID NO:1, nucleotides 35042-35902 of SEQ ID NO:1, nucleotides 41369-42256 of SEQ 
ID NO:1, and nucleotides 59366-60304 of SEQ ID NO: 1. According to this embodiment, 
said nucleotide sequence more preferably comprises a consecutive 20, 25, 30, 35, 40, 45, 
or 50 (preferably 20) base pair nucleotide portion identical in sequence to a respective 
consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base pair portion of a nucleotide 
sequence selected from the group consisting of: nucleotides 10529-11428 of SEQ ID NO:1 t 
nucleotides 35042-35902 of SEQ ID NO:1, nucleotides 41369-42256 of SEQ ID NO:1, and 
nucleotides 59366-60304 of SEQ ID NO:1. In addition, according to this embodiment, said 
nucleotide sequence most preferably is selected from the group consisting of: nucleotides 
10529-11428 of SEQ ID NO:1, nucleotides 35042-35902 of SEQ ID NO:1, nucleotides 
41369-42256 of SEQ ID NO:1, and nucleotides 59366-60304 of SEQ ID NO:1. 

According to another embodiment, the epothilone synthase domain is an acyl carrier 
protein (ACP) domain, wherein said polypeptide comprises an amino acid sequence 
substantially similar to an amino acid sequence selected from the group consisting of: 
amino acids 1314-1385 of SEQ ID NO:2, amino acids 1722-1792 of SEQ ID NO:4, amino 
acids 1434-1506 of SEQ ID NO:5, amino acids 2932-3005 of SEQ ID NO:5, amino acids 
5010-5082 of SEQ ID NO:5, amino acids 7140-721 1 of SEQ ID NO:5, amino acids 1430- 
1503 of SEQ ID NO:6, amino acids 3673-3745 of SEQ ID NO:6, and amino acids 2093- 
2164 of SEQ ID NO:7. According to this embodiment, said ACP domain preferably 
comprises an amino acid sequence selected from the group consisting of: amino acids 
1314-1385 of SEQ ID NO:2 f amino acids 1722-1792 of SEQ ID NO:4, amino acids 1434- 
1506 of SEQ ID NO:5, amino acids 2932-3005 of SEQ ID NO:5, amino acids 5010-5082 of 
SEQ ID NO:5, amino acids 7140-7211 of SEQ ID NO:5. amino acids 1430-1503 of SEQ ID 
NO:6, amino acids 3673-3745 of SEQ ID NO:6, and amino acids 2093-2164 of SEQ ID 
NO:7. Also, according to this embodiment, said nucleotide sequence preferably is substan- 
tially similar to a nucleotide sequence selected from the group consisting of: nucleotides 
11549-11764 of SEQ ID NO:1, nucleotides 21414-21626 of SEQ ID NO: 1, nucleotides 
26045-26263 of SEQ ID NO:1, nucleotides 30539-30759 of SEQ ID NO:1, nucleotides 
36773-36991 of SEQ ID NO:1, nucleotides 43163-43378 of SEQ ID NO: 1, nucleotides 
47811-48032 of SEQ ID NO: 1, nucleotides 54540-54758 of SEQ ID NO:1, and nucleotides 
61211-61426 of SEQ ID NO:1. According to this embodiment, said nucleotide sequence 
more preferably comprises a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base 
pair nucleotide portion identical in sequence to a respective consecutive 20, 25, 30, 35, 40, 
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45, or 50 (preferably 20) base pair portion of a nucleotide sequence selected from the 
group consisting of: nucleotides 11549-11764 of SEQ ID NO:1, nucleotides 21414-21626 of 
SEQ ID NO:1 , nucleotides 26045-26263 of SEQ ID NO:1 , nucleotides 30539-30759 of SEQ 
ID NO:1, nucleotides 36773-36991 of SEQ ID NO:1, nucleotides 43163-43378 of SEQ ID 
NO:1, nucleotides 4781 1-48032 of SEQ ID NO:1, nucleotides 54540-54758 of SEQ ID 
NO:1 , and nucleotides 6121 1-61426 of SEQ ID NO:1 . In addition, according to this embodi- 
ment, said nucleotide sequence most preferably is selected from the group consisting of: 
nucleotides 1 1549-1 1764 of SEQ ID NO:1, nucleotides 21414-21626 of SEQ ID NO:1, 
nucleotides 26045-26263 of SEQ ID NO:1, nucleotides 30539-30759 of SEQ ID NO:1, 
nucleotides 36773-36991 of SEQ ID NO:1, nucleotides 43163-43378 of SEQ ID NO:1, 
nucleotides 47811-48032 of SEQ ID NO: 1, nucleotides 54540-54758 of SEQ ID NO:1, and 
nucleotides 6121 1-61426 of SEQ ID NO:1 . 

According to another embodiment, the epothilone synthase domain is a dehydratase 
(DH) domain comprising an amino acid sequence substantially similar to an amino acid se- 
quence selected from the group consisting of: amino acids 869-1037 of SEQ ID NO:4, ami- 
no acids 3886-4048 of SEQ ID NO:5, amino acids 5964-6132 of SEQ ID NO:5, amino acids 
2383-2551 of SEQ ID NO:6, and amino acids 887-1051 of SEQ ID NO:7. According to this 
embodiment, said DH domain preferably comprises an amino acid sequence selected from 
the group consisting of: amino acids 869-1037 of SEQ ID NO:4, amino acids 3886-4048 of 
SEQ ID NO:5, amino acids 5964-6132 of SEQ ID NO:5, amino acids 2383-2551 of SEQ ID 
NO:6, and amino acids 887-1051 of SEQ ID NO:7. Also, according to this embodiment, said 
nucleotide sequence preferably is substantially similar to a nucleotide sequence selected 
from the group consisting of: nucleotides 18855-19361 of SEQ ID NO:1, nucleotides 33401- 
33889 of SEQ ID NO: 1, nucleotides 39635-40141 of SEQ ID NO:1, nucleotides 50670- 
51 176 of SEQ ID NO:1 , and nucleotides 57593-58087 of SEQ ID NO:1. According to this 
embodiment, said nucleotide sequence more preferably comprises a consecutive 20, 25, 
30, 35, 40, 45, or 50 (preferably 20) base pair nucleotide portion identical in sequence to a 
respective consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base pair portion of a 
nucleotide sequence selected from the group consisting of: nucleotides 18855-19361 of 
SEQ ID NO:1, nucleotides 33401-33889 of SEQ ID NO:1 ( nucleotides 39635-40141 of SEQ 
ID NO:1, nucleotides 50670-51176 of SEQ ID NO:1, and nucleotides 57593-58087 of SEQ 
ID NO:1. In addition, according to this embodiment, said nucleotide sequence most pre- 
ferably is selected from the group consisting of: nucleotides 18855-19361 of SEQ ID NO:1, 
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nucleotides 33401-33889 of SEQ ID NO:1, nucleotides 39635-40141 of SEQ ID NO:1 f 
nucleotides 50670-51 176 of SEQ ID NO:1, and nucleotides 57593-58087 of SEQ ID NO:1. 

According to yet another embodiment, the epothilone synthase domain is a (3-keto- 
reductase (KR) domain comprising an amino acid sequence substantially similar to an ami- 
no acid sequence selected from the group consisting of: amino acids 1439-1684 of SEQ ID 
NO:4, amino acids 1 147-1399 of SEQ ID NO:5, amino acids 2645-2895 of SEQ ID NO:5, 
amino acids 4729-4974 of SEQ ID NO:5, amino acids 6857-7101 of SEQ ID NO:5, amino 
acids 1 143-1393 of SEQ ID NO:6, amino acids 3392-3636 of SEQ ID NO:6, and amino 
acids 1810-2055 of SEQ ID NO:7. According to this embodiment, said KR domain pre- 
ferably comprises an amino acid sequence selected from the group consisting of: amino 
acids 1439-1684 of SEQ ID NO:4, amino acids 1147-1399 of SEQ ID NO:5, amino acids 
2645-2895 of SEQ ID NO:5, amino acids 4729-4974 of SEQ ID NO:5, amino acids 6857- 
7101 of SEQ ID NO:5, amino acids 1 143-1393 of SEQ ID NO:6, amino acids 3392-3636 of 
SEQ ID NO:6, and amino acids 1810-2055 of SEQ ID NO:7. Also, according to this embo- 
diment, said nucleotide sequence preferably is substantially similar to a nucleotide sequen- 
ce selected from the group consisting of: nucleotides 20565-21302 of SEQ ID NO:1, nucle- 
otides 25184-25942 of SEQ ID NO:1, nucleotides 29678-30429 of SEQ ID NO:1 ( nucleo- 
tides 35930-36667 of SEQ ID NO:1, nucleotides 42314-43048 of SEQ ID NO:1, nucleotides 
46950-47702 of SEQ ID NO:1 ( nucleotides 53697-54431 of SEQ ID NO:1, and nucleotides 
60362-61099 of SEQ ID NO:1. According to this embodiment, said nucleotide sequence 
more preferably comprises a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base 
pair nucleotide portion identical in sequence to a respective consecutive 20, 25, 30, 35, 40, 
45, or 50 (preferably 20) base pair portion of a nucleotide sequence selected from the 
group consisting of: nucleotides 20565-21302 of SEQ ID NO: 1, nucleotides 25184-25942 of 
SEQ ID NO:1, nucleotides 29678-30429 of SEQ ID NO:1, nucleotides 35930-36667 of SEQ 
ID NO:1 , nucleotides 42314-43048 of SEQ ID NO:1 , nucleotides 46950-47702 of SEQ ID 
NO:1, nucleotides 53697-54431 of SEQ ID NO:1, and nucleotides 60362-61099 of SEQ ID 
NO:1. In addition, according to this embodiment, said nucleotide sequence most preferably 
is selected from the group consisting of: nucleotides 20565-21302 of SEQ ID NO:1, nucle- 
otides 251 84-25942 of SEQ ID NO:1 , nucleotides 29678-30429 of SEQ ID NO:1 , nucleo- 
tides 35930-36667 of SEQ ID NO:1, nucleotides 42314-43048 of SEQ ID NO:1, nucleotides 
46950-47702 of SEQ ID NO:1, nucleotides 53697-54431 of SEQ ID NO:1, and nucleotides 
60362-61099 of SEQ ID NO:1. 
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According to an additional embodiment, the epothilone synthase domain is a 
methyltransf erase (MT) domain comprising an amino acid sequence substantially similar to 
amino acids 2671-3045 of SEQ ID NO:6. According to this embodiment, said MT domain 
preferably comprises amino acids 2671-3045 of SEQ ID NO:6. Also, according to this 
embodiment, said nucleotide sequence preferably is substantially similar to nucleotides 
51534-52657 of SEQ ID NO:1 . According to this embodiment, said nucleotide sequence 
more preferably comprises a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base 
pair nucleotide portion identical in sequence to a respective consecutive 20, 25, 30, 35, 40, 
45, or 50 (preferably 20) base pair portion of nucleotides 51534-52657 of SEQ ID NO:1. In 
addition, according to this embodiment, said nucleotide sequence most preferably is nucleo- 
tides 51534-52657 of SEQ ID NO:1 . 

According to another embodiment, the epothilone synthase domain is a thioesterase 
(TE) domain comprising an amino acid sequence substantially similar to amino acids 2165- 
2439 of SEQ ID NO:7. According to this embodiment, said TE domain preferably comprises 
amino acids 2165-2439 of SEQ ID NO:7. Also, according to this embodiment, said nucleo- 
tide sequence preferably is substantially similar to nucleotides 61427-62254 of SEQ ID 
NO:1. According to this embodiment, said nucleotide sequence more preferably comprises 
a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base pair nucleotide portion iden- 
tical in sequence to a respective consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) 
base pair portion of nucleotides 61427-62254 of SEQ ID NO:1. In addition, according to this 
embodiment, said nucleotide sequence most preferably is nucleotides 61427-62254 of SEQ 
ID NO:1. 

In still another aspect, the present invention provides an isolated nucleic acid mole- 
cule comprising a nucleotide sequence that encodes a non-ribosomal peptide synthetase, 
wherein said non-ribosomal peptide synthetase comprises an amino acid sequence 
substantially similar to an amino acid sequence selected from the group consisting of: SEQ 
ID NO;3, amino acids 72-81 of SEQ ID NO:3, amino acids 1 18-125 of SEQ ID NO:3, amino 
acids 199-212 of SEQ ID NO:3, amino acids 353-363 of SEQ ID NO:3 t amino acids 549- 
565 of SEQ ID NO:3, amino acids 588-603 of SEQ ID NO:3, amino acids 669-684 of SEQ 
ID NO;3, amino acids 815-821 of SEQ ID NO:3, amino acids 868-892 of SEQ ID NO:3, 
amino acids 903-912 of SEQ ID NO:3, amino acids 918-940 of SEQ ID NO:3, amino acids 
1268-1274 of SEQ ID NO:3, amino acids 1285-1297 of SEQ ID NO:3, amino acids 973- 
1256 of SEQ ID NO:3, and amino acids 1344-1351 of SEQ ID NO:3. According to this 
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embodiment, said non-ribosomai peptide synthetase preferably comprises an amino.acid 
sequence selected from the group consisting of: SEQ ID NO:3. amino acids 72-81 of SEQ 
ID NO:3, amino acids 1 18-125 of SEQ ID NO:3, amino acids 199-212 of SEQ ID NO:3 t 
amino acids 353-363 of SEQ ID NO:3, amino acids 549-565 of SEQ ID NO:3, amino acids 
588-603 of SEQ ID NO:3, amino acids 669-684 of SEQ ID NO:3, amino acids 815-821 of 
SEQ ID NO:3, amino acids 868-892 of SEQ ID NO:3 ? amino acids 903-912 of SEQ ID NO:3, 
amino acids 918-940 of SEQ ID NO:3, amino acids 1268-1274 of SEQ ID NO:3, amino 
acids 1285-1297 of SEQ ID NO:3, amino acids 973-1256 of SEQ ID NO:3, and amino acids 
1344-1351 of SEQ ID NO:3. Also, according to this embodiment, said nucleotide sequence 
preferably is substantially similar to a nucleotide sequence selected from the group con- 
sisting of: nucleotides 11872-16104 of SEQ ID NO:1 f nucleotides 12085-12114 of SEQ ID 
NO:1, nucleotides 12223-12246 of SEQ ID NO:1, nucleotides 12466-12507 of SEQ ID 
NO:1, nucleotides 12928-12960 of SEQ ID NO:1 ( nucleotides 13516-13566 of SEQ ID 
NO:1, nucleotides 13633-13680 of SEQ ID NO:1, nucleotides 13876-13923 of SEQ ID 
NO:1, nucleotides 14313-14334 of SEQ ID NO:1, nucleotides 14473-14547 of SEQ ID 
NO:1, nucleotides 14578-14607 of SEQ ID NO:1, nucleotides 14623-14692 of SEQ ID 
NO:1 ( nucleotides 15673-15693 of SEQ ID NO:1, nucleotides 15724-15762 of SEQ ID 
NO:1 t nucleotides 14788-15639 of SEQ ID NO:1 ( and nucleotides 15901-15924 of SEQ ID 
NO:1. According to this embodiment, said nucleotide sequence more preferably comprises 
a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base pair nucleotide portion 
identical in sequence to a respective consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 
20) base pair portion of a nucleotide sequence selected from the group consisting of: nucle- 
otides 11872-16104 of SEQ ID NO:1, nucleotides 12085-12114 of SEQ ID NO:1, nucleo- 
tides 12223-12246 of SEQ ID NO:1 , nucleotides 12466-12507 of SEQ ID NO:1, nucleotides 
12928-12960 of SEQ ID NO:1, nucleotides 13516-13566 of SEQ ID NO:1., nucleotides 
13633-13680 of SEQ ID NO: 1, nucleotides 13876-13923 of SEQ ID NO:1, nucleotides 
14313-14334 of SEQ ID NO: 1, nucleotides 14473-14547 of SEQ ID NO: 1, nucleotides 
14578-14607 of SEQ ID NO:1, nucleotides 14623-14692 of SEQ ID NO: 1, nucleotides 
15673-15693 of SEQ ID NO:1, nucleotides 15724-15762 of SEQ ID NO:1, nucleotides 
14788-15639 of SEQ ID NO: 1, and nucleotides 15901-15924 of SEQ ID NO:1. In addition, 
according to this embodiment, said nucleotide sequence most preferably is selected from 
the group consisting of: nucleotides 1 1872-16104 of SEQ ID NO:1, nucleotides 12085- 
12114 of SEQ ID NO:1, nucleotides 12223-12246 of SEQ ID NO:1, nucleotides 12466- 
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12507 of SEQ ID NO:1, nucleotides 12928-12960 of SEQ ID NO:1, nucleotides 13516- 
13566 of SEQ ID NO:1 t nucleotides 13633-13680 of SEQ ID NO:1. nucleotides 13876- 
13923 of SEQ ID NO:1, nucleotides 14313-14334 of SEQ ID NO:1, nucleotides 14473- 
14547 of SEQ ID NO;1, nucleotides 14578-14607 of SEQ ID NO:1, nucleotides 14623- 
14692 of SEQ ID NO:1, nucleotides 15673-15693 of SEQ ID NO:1 t nucleotides 15724- 
15762 of SEQ ID NO:1, nucleotides 14788-15639 of SEQ ID NO:1. and nucleotides 15901- 
15924 of SEQ ID NO:1. 

The present invention further provides an isolated nucleic acid molecule comprising 
a nucleotide sequence that encodes a polypeptide comprising an amino acid sequence 
selected from the group consisting of SEQ ID NOs:2-23. 

in accordance with another aspect, the present invention also provides methods for 
the recombinant production of polyketides such as epothilones in quantities large enough to 
enable their purification and use in pharmaceutical formulations such as those for the treat- 
ment of cancer. A specific advantage of these production methods is the chirality of the 
molecules produced; production in transgenic organisms avoids the generation of popu- 
lations of racemic mixtures, within which some enantiomers may have reduced activity. In 
particular, the present invention provides a method for heterologous expression of epothi- 
lone in a recombinant host, comprising: (a) introducing into a host a chimeric gene compri- 
sing a heterologous promoter sequence operatively linked to a nucleic acid molecule of the 
invention that comprises a nucleotide sequence that encodes at least one polypeptide in- 
volved in the biosynthesis of epothilone; and (b) growing the host in conditions that allow 
biosynthesis of epothilone in the host. The present invention also provides a method for 
producing epothilone, comprising: (a) expressing epothilone in a recombinant host by the 
aforementioned method; and (b) extracting epothilone from the recombinant host. 

According to still another aspect, the present invention provides an isolated polypep- 
tide comprising an amino acid sequence that consists of an epothilone synthase domain. 

According to one embodiment, the epothilone synthase domain is a (J-ketoacyl- 
synthase (KS) domain comprising an amino acid sequence substantially similar to an amino 
acid sequence selected from the group consisting of: amino acids 1 1 -437 of SEQ ID NO:2, 
amino acids 7-432 of SEQ ID NO:4, amino acids 39-457 of SEQ ID NO:5, amino acids 
1524-1950 of SEQ ID NO:5, amino acids 3024-3449 of SEQ ID NO:5 t amino acids 5103- 
5525 of SEQ ID NO:5, amino acids 35-454 of SEQ ID NO:6, amino acids 1522-1946 of 
SEQ ID NO: 6, and amino acids 32-450 of SEQ ID NO:7. According to this embodiment, 
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said KS domain preferably comprises an amino acid sequence selected from the group 
consisting of: amino acids 1 1-437 of SEQ ID NO:2, amino acids 7-432 of SEQ ID NO:4, 
amino acids 39-457 of SEQ ID NO:5, amino acids 1524-1950 of SEQ ID NO:5, amino acids 
3024-3449 of SEQ ID NO:5, amino acids 5103-5525 of SEQ ID NO:5, amino acids 35-454 
of SEQ ID NO:6, amino acids 1522-1946 of SEQ ID NO: 6, and amino acids 32-450 of SEQ 
ID NO:7. 

According to another embodiment, the epothilone synthase domain is an acyltrans- 
ferase (AT) domain comprising an amino acid sequence substantially similar to an amino 
acid sequence selected from the group consisting of: amino acids 543-864 of SEQ ID NO:2 ( 
amino acids 539-859 of SEQ ID NO:4 t amino acids 563-884 of SEQ ID NO:5, amino acids 
2056-2377 of SEQ ID NO:5 r amino acids 3555-3876 of SEQ ID NO:5, amino acids 5631- 
5951 of SEQ ID NO:5 t amino acids 561-881 of SEQ ID NO:6, amino acids 2053-2373 of 
SEQ ID NO:6 t and amino acids 556-877 of SEQ ID NO:7. According to this embodiment, 
said AT domain preferably comprises an amino acid sequence selected from the group 
consisting of: amino acids 543-864 of SEQ ID NO:2, amino acids 539-859 of SEQ ID NO:4, 
amino acids 563-884 of SEQ ID NO:5 f amino acids 2056-2377 of SEQ ID NO:5, amino 
acids 3555-3876 of SEQ ID NO:5, amino acids 5631-5951 of SEQ ID NO:5, amino acids 
561-881 of SEQ ID NO:6 ( amino acids 2053-2373 of SEQ ID NO:6, and amino acids 556- 
877 of SEQ ID NO:7. 

According to still another embodiment, the epothilone synthase domain is an enoyl 
reductase (ER) domain comprising an amino acid sequence substantially similar to an ami- 
no acid sequence selected from the group consisting of: amino acids 974-1273 of SEQ ID 
NO:2, amino acids 4433-4719 of SEQ ID NO:5 ( amino acids 6542-6837 of SEQ ID NO:5, 
and amino acids 1478-1790 of SEQ ID NO:7. According to this embodiment, said ER do- 
main preferably comprises an amino acid sequence selected from the group consisting of: 
amino acids 974-1273 of SEQ ID NO:2, amino acids 4433-4719 of SEQ ID NO:5, amino , 
acids 6542-6837 of SEQ ID NO:5 ( and amino acids 1478-1790 of SEQ ID NO:7. 

According to another embodiment, the epothilone synthase domain is an acyl carrier 
protein (ACP) domain, wherein said polypeptide comprises an amino acid sequence 
substantially similar to an amino acid sequence selected from the group consisting of: ami- 
no acids 1314-1385 of SEQ ID NO:2, amino acids 1722-1792 of SEQ ID NO:4, amino acids 
1434-1506 of SEQ ID NO:5, amino acids 2932-3005 of SEQ ID NO:5. amino acids 5010- 
5082 of SEQ ID NO:5, amino acids 7140-721 1 of SEQ ID NO:5, amino acids 1430-1503 of 
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SEQ ID NO:6, amino acids 3673-3745 of SEQ ID NO:6 f and amino acids 2093-2164 of 
SEQ ID NO:7. According to this embodiment, said ACP domain preferably comprises an 
amino acid sequence selected from the group consisting of: amino acids 1314-1385 of SEQ 
ID NO:2, amino acids 1722-1792 of SEQ ID NO:4 ( amino acids 1434-1506 of SEQ ID NO:5, 
amino acids 2932-3005 of SEQ ID NO:5, amino acids 5010-5082 of SEQ ID NO:5, amino 
acids 7140-721 1 of SEQ ID NO:5, amino acids 1430-1503 of SEQ ID NO:6 ( amino acids 
3673-3745 of SEQ ID NO:6, and amino acids 2093-2164 of SEQ ID NO:7. 

According to another embodiment, the epothilone synthase domain is a dehydratase 
(DH) domain comprising an amino acid sequence substantially similar to an amino acid se- 
quence selected from the group consisting of: amino acids 869-1037 of SEQ ID NO:4, ami- 
no acids 3886-4048 of SEQ ID NO:5, amino acids 5964-6132 of SEQ ID NO:5, amino acids 
2383-2551 of SEQ ID NO:6, and amino acids 887-1051 of SEQ ID NO:7. According to this 
embodiment, said DH domain preferably comprises an amino acid sequence selected from 
the group consisting of: amino acids 869-1037 of SEQ ID NO:4, amino acids 3886-4048 of 
SEQ ID NO:5, amino acids 5964-6132 of SEQ ID NO:5, amino acids 2383-2551 of SEQ ID 
NO:6. and amino acids 887-1051 of SEQ ID NO:7. 

According to yet another embodiment, the epothilone synthase domain is a (J-keto- 
reductase (KR) domain comprising an amino acid sequence substantially similar to an ami- 
no acid sequence selected from the group consisting of: amino acids 1439-1684 of SEQ ID 
NO:4, amino acids 1 147-1399 of SEQ ID NO:5 t amino acids 2645-2895 of SEQ ID NO:5, 
amino acids 4729-4974 of SEQ ID NO:5, amino acids 6857-7101 of SEQ ID NO:5, amino 
acids 1 143-1393 of SEQ ID NO:6, amino acids 3392-3636 of SEQ ID NO:6, and amino 
acids 1810-2055 of SEQ ID NO:7. According to this embodiment, said KR domain prefer- 
ably comprises an amino acid sequence selected from the group consisting of: amino acids 
1439-1684 of SEQ ID NO:4, amino acids 1147-1399 of SEQ ID NO:5, amino acids 2645- 
2895 of SEQ ID NO:5, amino acids 4729-4974 of SEQ ID NO:5, amino acids 6857-7101 of 
SEQ ID NO:5, amino acids 1 143-1393 of SEQ ID NO:6, amino acids 3392-3636 of SEQ ID 
NO:6, and amino acids 1810-2055 of SEQ ID NO:7. 

According to an additional embodiment, the epothilone synthase domain is a methyl- 
transf erase (MT) domain comprising an amino acid sequence substantially similar to amino 
acids 2671-3045 of SEQ ID NO:6. According to this embodiment, said MT domain preferab- 
ly comprises amino acids 2671-3045 of SEQ ID NO:6. 
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According to another embodiment, the epothilone synthase domain is a thioesterase 
(TE) domain comprising an amino acid sequence substantially similar to amino acids 2165- 
2439 of SEQ ID NO:7. According to this embodiment, said TE domain preferably comprises 
amino acids 2165-2439 of SEQ ID NO:7. 

Other aspects and advantages of the present invention will become apparent to those 
skilled in the art from a study of the following description of the invention and non-limiting 
examples. 

DEFINITIONS 

In describing the present invention, the following terms will be employed, and are 
intended to be defined as indicated below. 

Associated With / Operatively Linked: Refers to two DNA sequences that are related 
physically or functionally. For example, a promoter or regulatory DNA sequence is said to 
be "associated with" a DNA sequence that codes for an RNA or a protein if the two sequen- 
ces are operatively linked, or situated such that the regulator DNA sequence will affect the 
expression level of the coding or structural DNA sequence. 

Chimeric Gene: A recombinant DNA sequence in which a promoter or regulatory 
DNA sequence is operatively linked to, or associated with, a DNA sequence that codes for 
an mRNA or which is expressed as a protein, such that the regulator DNA sequence is able 
to regulate transcription or expression of the associated DNA sequence. The regulator 
DNA sequence of the chimeric gene is not normally operatively linked to the associated 
DNA sequence as found in nature. 

Coding DNA Sequence: A DNA sequence that is translated in an organism to pro- 
duce a protein. 

Domain: That part of a polyketide synthase necessary for a given distinct activity. 
Examples include acyl carrier protein (ACP), p-ketosynthase (KS) t acyltransferase (AT), p- 
ketoreductase (KR), dehydratase (DH). enoyireductase (ER), and thioesterase (TE) 
domains. 

Epothilones: 16-membered macrocydic polyketides naturally produced by the bacte- 
rium Sorangium celtulosum strain So ce90, which mimic the biological effects of taxol. In 
this application, "epothilone" refers to the class of polyketides that includes epothilone A 
and epothilone B, as well as analogs thereof such as those described in WO 98/25929. 
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Epothilone Synthase: A polyketide synthase responsible for the biosynthesis of epo- 

thilone. 

Gene: A defined region that is located within a genome and that, besides the afore- 
mentioned coding DNA sequence, comprises other, primarily regulatory, DNA sequences 
responsible for the control of the expression, that is to say the transcription and translation, 
of the coding portion. 

Heterologous DNA Sequence: A DNA sequence not naturally associated with a host 
cell into which it is introduced, including non-naturaliy occurring multiple copies of a natu- 
rally occurring DNA sequence. 

Homologous DNA Sequence: A DNA sequence naturally associated with a host cell 
into which it is introduced. 

Homologous Recombination: Reciprocal exchange of DNA fragments between 
homologous DNA molecules. 

Isolated: In the context of the present invention, an isolated nucleic acid molecule or 
an isolated enzyme is a nucleic acid molecule or enzyme that, by the hand of man, exists 
apart from its native environment and is therefore not a product of nature. An isolated 
nucleic acid molecule or enzyme may exist in a purified form or may exist in a non-native 
environment such as, for example, a recombinant host cell. 

Module: A genetic element encoding all of the distinct activities required in a single 
round of polyketide biosynthesis, i.e., one condensation step and all the p-carbonyl pro- 
cessing steps associated therewith. Each module encodes an ACP, a KS, and an AT 
activity to accomplish the condensation portion of the biosynthesis, and selected post- 
condensation activities to effect the p-carbonyl processing. 

NRPS: A non-ribosomal polypeptide synthetase, which is a complex of enzymatic 
activities responsible for the incorporation of amino acids into secondary metabolites in- 
cluding, for example, amino acid adenylation, epimerization, N-methylation, cyclization, 
peptidyl carrier protein, and condensation domains. A functional NRPS is one that cata- 
lyzes the incorporation of an amino acid into a secondary metabolite. 

NRPS gene: One or more genes encoding NRPSs for producing functional secon- 
dary metabolites, e.g., epothilones A and B ( when under the direction of one or more com- 
patible control elements. 
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Nucleic Acid Molecule: A linear segment of single- or double-stranded DNA or RNA 
that can be isolated from any source. In the context of the present invention, the nucleic 
acid molecule is preferably a segment of DNA. 

ORF: Open Reading Frame. 

PKS: A poiyketide synthase, which is a complex of enzymatic activities (domains) 
responsible for the biosynthesis of polyketides including, for example, ketoreductase, dehy- 
dratase, acyl carrier protein, enoylreductase, ketoacyl ACP synthase, and acyltransf erase. 
A functional PKS is one that catalyzes the synthesis of a poiyketide. 

PKS Genes: One or more genes encoding various polypeptides required for produ- 
cing functional polyketides, e.g., epothilones A and B, when under the direction of one or 
more compatible control elements. 

Substantially Similar: With respect to nucleic acids, a nucleic acid molecule that has 
at least 60 percent sequence identity with a reference nucleic acid molecule. In a preferred 
embodiment, a substantially similar DNA sequence is at least 80% identical to a reference 
DNA sequence; in a more preferred embodiment, a substantially similar DNA sequence is at 
least 90% identical to a reference DNA sequence; and in a most preferred embodiment, a 
substantially similar DNA sequence is at least 95% identical to a reference DNA sequence. 
A substantially similar DNA sequence preferably encodes a protein or peptide having 
substantially the same activity as the protein or peptide encoded by the reference DNA 
sequence. A substantially similar nucleotide sequence typically hybridizes to a reference 
nucleic acid molecule, or fragments thereof, under the following conditions: hybridization at 
7% sodium dodecyl sulfate (SDS), 0.5 M NaP0 4 pH 7.0, 1 mM EDTA at 50°C; wash with 2X 
SSC, 1% SDS, at 50°C. With respect to proteins or peptides, a substantially similar amino 
acid sequence is an amino acid sequence that is at least 90% identical to the amino acid 
sequence of a reference protein or peptide and has substantially the same activity as the 
reference protein or peptide. 

Transformation: A process for introducing heterologous nucleic acid into a host cell 
or organism. 

Transformed / Transgenic / Recombinant: Refers to a host organism such as a bac- 
terium into which a heterologous nucleic acid molecule has been introduced. The nucleic 
acid molecule can be stably integrated into the genome of the host or the nucleic acid mo- 
lecule can also be present as an extrachromosomal molecule. Such an extrachromosomal 
molecule can be auto-replicating. Transformed cells, tissues, or plants are understood to 
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encompass not only the end product of a transformation process, but also transgenic pro- 
geny thereof. A w non-transformed H , "non-transgenic", or u non-recombinant" host refers to a 
wild-type organism, i.e., a bacterium, which does not contain the heterologous nucleic acid 
molecule. 

Nucleotides are indicated by their bases by the following standard abbreviations: 
adenine (A), cytosine (C), thymine (T), and guanine (G). Amino acids are likewise indicated 
by the following standard abbreviations: alanine (ala; A), arginine (Arg; Ft), asparagine (Asn; 
N), aspartic acid (Asp; D), cysteine (Cys; C), glutamine (Gin; Q), glutamic acid (Glu; E), 
glycine (Gly; G), histidine (His; H), isoleucine (lie; l) t leucine (Leu; L), lysine (lys; K), 
methionine (Met; M), phenylalanine (Phe; F), proline (Pro; P) t serine (Ser; S) t threonine 
. (Thr; T), tryptophan (Trp; W), tyrosine (Tyr; Y) t and valine (Val; V). Furthermore, (Xaa; X) 
represents any amino acid. 

DESCRIPTION OF THE SEQUENCES IN THE SEQUENCE LISTING 

SEQ ID NO:1 is the nucleotide sequence of a 68750 bp contig containing 22 open 
reading frames (ORFs), which comprises the epothilone biosynthesis genes. 

SEQ ID NO:2 is the protein sequence of a type I polyketide synthase (EPOS A) 
encoded by epoA (nucleotides 7610-1 1875 of SEQ ID NO:1). 

SEQ ID NO:3 is the protein sequence of a non-ribosomal peptide synthetase (EPOS 
P) encoded by epoP (nucleotides 11872-16104 of SEQ ID NO:1). 

SEQ ID NO:4 is the protein sequence of a type I polyketide synthase (EPOS B) 
encoded by epoB (nucleotides 16251-21749 of SEQ ID NO:1). 

SEQ ID NO:5 is the protein sequence of a type I polyketide synthase (EPOS C) 
encoded by epoC (nucleotides 21746-43519 of SEQ ID NO:1). 

SEQ ID NO:6 is the protein sequence of a type I polyketide synthase (EPOS D) 
encoded by epoD (nucleotides 43524-54920 of SEQ ID NO:1). 

SEQ ID NO:7 is the protein sequence of a type I polyketide synthase (EPOS E) 
encoded by epoE (nucleotides 54935-62254 of SEQ ID NO:1 ). 

SEQ ID NO:8 is the protein sequence of a cytochrome P450 oxygenase homologue 
. (EPOS F) encoded by epoF (nucleotides 62369-63628 of SEQ ID NO:1). 

SEQ ID NO:9 is a partial protein sequence (partial Orf 1) encoded by orfl (nucleotides 
1-1826 of SEQ ID NO:1). 
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SEQ ID NO:10 is a protein sequence (Orf 2) encoded by oriZ (nucleotides 3171-1900 
on the reverse complement strand of SEQ ID NO:1). 

SEQ ID NO:1 1 is a protein sequence (Orf 3) encoded by orf3 (nucleotides 3415*5556 
of SEQ ID NO:1). 

SEQ ID NO:12 is a protein sequence (Orf 4) encoded by or/4 (nucleotides 5992-5612 
on the reverse complement strand of SEQ ID NO:1). 

SEQ ID NO: 13 is a protein sequence (Orf 5) encoded by orffi (nucleotides 6226-6675 
of SEQ ID NO:1). 

SEQ ID NO:14 is a protein sequence (Orf 6) encoded by ortB (nucleotides 63779- 
64333 of SEQ ID NO:1). 

SEQ ID NO: 15 is a protein sequence (Orf 7) encoded by orf! (nucleotides 64290- 
63853 on the reverse complement strand of SEQ ID NO:1). 

SEQ ID NO:16 is a protein sequence (Orf 8) encoded by orfB (nucleotides 64363- 
64920 of SEQ ID NO:1). 

SEQ ID NO: 17 is a protein sequence (Orf 9) encoded by orB (nucleotides 64727- 
64287 on the reverse complement strand of SEQ ID NO:1). 

SEQ ID NO: 18 is a protein sequence (Orf 10) encoded by.orflO (nucleotides 65063- 
65767 of SEQ ID NO:1). 

SEQ ID NO: 19 is a protein sequence (Orf 11) encoded by orft 1 (nucleotides 65874- 
65008 on the reverse complement strand of SEQ ID NO:1). 

SEQ ID NO:20 is a protein sequence (Orf 12) encoded by orf12 (nucleotides 66338- 
65871 on the reverse complement strand of SEQ ID NO:1). 

SEQ ID NO:21 is a protein sequence (Orf 13) encoded by orf13 (nucleotides 66667- 
67137 of SEQ ID NO:1). 

SEQ ID NO:22 is a protein sequence (Orf 14) encoded by orft 4 (nucleotides 67334- 
68251 of SEQ ID NO:1). 

SEQ ID NO:23 is a partial protein sequence (partial Orf 15) encoded by orf15 
(nucleotides 68346-68750 of SEQ ID NO:1). 

SEQ ID NO:24 is the universal reverse PCR primer sequence. 
SEQ ID NO:25 is the universal forward PCR primer sequence. 
SEQ ID NO:26 is the NH24 end M B" PCR primer sequence. 
SEQ ID NO:27 is the NH2 end M A D PCR primer sequence. 
SEQ ID NO:28 is the NH2 end "B B PCR primer sequence. 
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SEQ ID NO:29 is the pEPOl5-NH6 end U B B PCR primer sequence. 
SEQ ID NO:30 is the pEP015-H2.7 end "A" PCR primer sequence. 

DEPOSIT INFORMATION 

The following material has been deposited with the Agricultural Research Sen/ice, 
Patent Culture Collection (NRRL), 1815 North University Street, Peoria, Illinois 61604, under 
the Budapest Treaty on the International Recognition of the Deposit of Microorganisms for 
the Purposes of Patent Procedure. All restrictions on the availability of the deposited 
material will be irrevocably removed upon the granting of a patent. 

Deposited Material Accession Number Deposit Date 

pEPOIS NRRL B-30033 June 11, 1998 

PEP032 NRRL B-301 1 9 April 1 6, 1 999 



DETAILED DESCRIPTION OF THE INVENTION 



The genes involved in the biosynthesis of epothilones can be isolated using the 
techniques according to the present invention. The preferable procedure for the isolation of 
epothilone biosynthesis genes requires the isolation of genomic DNA from an organism 
identified as producing epothilones A and B, and the transfer of the isolated DNA on a 
suitable plasmid or vector to a host organism that does not normally produce the polyketide, 
followed by the identification of transformed host colonies to which the epothilone-producing 
ability has been conferred. Using a technique such as X::Tn5 transposon mutagenesis (de 
Bruijn & Lupski, Gene 27: 131-149 (1984)), the exact region of the transforming epothilone- 
conferring DNA can be more precisely defined. Alternatively or additionally, the transfor- 
ming epothilone-conferring DNA can be cleaved into smaller fragments and the smallest 
that maintains the epothilone-conferring ability further characterized. Whereas the host 
organism lacking the ability to produce epothilone may be a different species from the orga- 
nism from which the polyketide derives, a variation of this technique involves the transfor- 
mation of host DNA into the same host that has had its epothilone-producing ability disrup- 
ted by mutagenesis. In this method, an epothilone-producing organism is mutated and non- 
epothilone-producing mutants are isolated. These are then complemented by genomic 
DNA isolated from the epothilone-producing parent strain. 
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A further example of a technique that can be used to isolate genes required for epo- 
thilone biosynthesis is the use of transposon mutagenesis to generate mutants of an epothi- 
lone-producing organism that, after mutagenesis, fails to produce the polyketide. Thus, the 
region of the host genome responsible for epothilone production is tagged by the transpo- 
son and can be recovered and used as a probe to isolate the native genes from the parent 
strain. PKS genes that are required for the synthesis of polyketides and that are similar to 
known PKS genes may be isolated by virtue of their sequence homology to the biosynthetic 
genes for which the sequence is known, such as those for the biosynthesis of rifamycin or 
soraphen. Techniques suitable for isolation by homology include standard library screening 
by DNA hybridization. 

Preferred for use as a probe molecule is a DNA fragment that is obtainable from a 
gene or another DNA sequence that plays a part in the synthesis of a known polyketide. A 
preferred probe molecule comprises a 1 .2 kb Smal DNA fragment encoding the ketosyntha- 
se domain of the fourth module of the soraphen PKS (U.S. Patent No. 5,716,849), and a 
more preferred probe molecule comprises the P-ketoacyl synthase domains from the first 
and second modules of the rifamycin PKS (Schupp et a/., FEMS Microbiology Letters 159: 
201-207 (1998)). These can be used to probe a gene library of an epothilone-producing 
microorganism to isolate the PKS genes responsible for epothilone biosynthesis. 

Despite the well-known difficulties with PKS gene isolation in general and despite 
the difficulties expected to be encountered with the isolation of epothilone biosynthesis 
genes in particular, by using the methods described in the instant specification, biosynthetic 
genes for epothilones A and B can surprisingly be cloned from a microorganism that produ- 
ces that polyketide. Using the methods of gene manipulation and recombinant production 
described in this specification, the cloned PKS genes can be modified and expressed in 
transgenic host organisms. 

The isolated epothilone biosynthetic genes can be expressed in heterologous hosts 
to enable the production of the polyketide with greater efficiency than might be possible 
from native hosts. Techniques for these genetic manipulations are specific for the different 
available hosts and are known in the art. For example, heterologous genes can be expres- 
sed in Streptomyces and other actinomycetes using techniques such as those described in 
McDaniel et a/., Science 262: 1546-1550 (1993) and Kao et al. t Science 265: 509-512 
(1994), both of which are incorporated herein by reference. See a/so, Rowe et a/., Gene 



WO 99/66028 



PCT/EP99/04171 



-28- 

216: 215-223 (1998); Holmes etal. t EMBO Journal 12(8): 3183-3191 (1993) and Bibb etal., 
Gene 38: 215-226 (1985), all of which are incorporated herein by reference. 

Alternately, genes responsible for polyketide biosynthesis, i.e., epothilone biosynthe- 
tic genes, can also be expressed in other host organisms such as pseudomonads and E 
colL Techniques for these genetic manipulations are specific for the different available hosts 
and are known in the art. For example, PKS genes have been sucessfully expressed in E 
coli using the pT7-7 vector, which uses the T7 promoter. See, Tabor et al., Proc. Natl. 
Acad. ScL USA 82: 1074-1078 (1985), incorporated herein by reference. In addition, the 
expression vectors pKK223-3 and pKK223-2 can be used to express heterologous genes in 
E. coli t either in transcriptional or translational fusion, behind the tac or trc promoter. For 
the expression of operons encoding multiple ORFs, the simplest procedure is to insert the 
operon into a vector such as pKK223-3 in transcriptional fusion, allowing the cognate ribo- 
some binding site of the heterologous genes to be used. Techniques for overexpression in 
gram-positive species such as Bacillus are also known in the art and can be used in the 
context of this invention (Quax et a/., in: Industrial Microorganisms: Basic and Applied Mo- 
lecular Genetics, Eds. Baltz etal., American Society for Microbiology, Washington (1993)). 

Other expression systems that may be used with the epothilone biosynthetic genes 
of the invention include yeast and baculovirus expression systems. See, for example, The 
Expression of Recombinant Proteins in Yeasts," Sudbery, P. E. t Curr. Opin. BiotechnoL 
7(5): 517-524 (1996); "Methods for Expressing Recombinant Proteins in Yeast," Mackay, et 
al., Editor(s): Carey, Paul R., Protein Eng. Des. 105-153, Publisher. Academic. San Diego, 
Calif (1996); "Expression of heterologous gene products in yeast," Pichuantes, et al., 
Editor(s): Cleland, J. L, Craik, C. S. t Protein Eng. 129-161, Publisher: Wiley-Liss, New 
York, N. Y (1996); WO 98/27203; Kealey et al., Proc. Natl. Acad. ScL USA 95: 505-509 
(1998); "Insect Cell Culture: Recent Advances, Bioengineering Challenges And Implications 
In Protein Production," Palomares, et al.. Editor(s): Galindo, Enrique; Ramirez, Octavio T., 
Adv. Bioprocess Eng. Vol. II, Invited Pap. Int. Symp., 2nd (1998) 25-52, Publisher: Kluwer, 
Dordrecht, Neth; "Baculovirus Expression Vectors," Jarvis, Donald L, Editor(s): Miller, Lois 
K., Baculoviruses 389-431 , Publisher Plenum, New York, N. Y. (1997); "Production Of He- 
terologous Proteins Using The Baculovirus/lnsect Expression System," Grittiths, et al., Me- 
thods Mol. Biol. (Totowa, N. J.) 75 (Basic Cell Culture Protocols (2nd Edition)) 427-440 
(1997); and "Insect Cell Expression Technology," Luckow, Verne A., Protein Eng. 183-218, 
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Publisher Wiley-Liss, New York, N. Y. (1996); all of which are incorporated herein by refe- 
rence. 

Another consideration for expression of PKS genes in heterologous hosts is the re- 
quirement of enzymes for posttranslational modification of PKS enzymes by phosphopante- 
theinylation before they can synthesize polyketides. However, the enzymes responsible for 
this modification of type I PKS enzymes, phosphopantetheinyl (P-pant) transferases are not 
normally present in many hosts such as £ colL This problem can be solved by coexpres- 
sion of a P-pant transferase with the PKS genes in the heterologous host, as described by 
Kealey etal., Proc. Natl. Acad. ScL USA 95: 505-509 (1998), incorporated herein by re- 
ference. 

Therefore, for the purposes of polyketide production, the significant criteria in the 
choice of host organism are its ease of manipulation, rapidity of growth (Le. fermentation), 
possession or the proper molecular machinery for processes such as posttranslational 
modification, and its lack of susceptibility to the polyketide being overproduced. Most 
preferred host organisms are actinomycetes such as strains of Streptomyces. Other pre- 
ferred host organisms are pseudomonads and £ coll The above-described methods of 
polyketide production have significant advantages over the technology currently used in the 
preparation of the compounds. These advantages include the cheaper cost of production, 
the ability to produce greater quantities of the compounds, and the ability to produce com- 
pounds of a preferred biological enantiomer, as opposed to racemic mixtures inevitably ge- 
nerated by organic synthesis. Compounds produced by heterologous hosts can be used in 
medical (e.g. cancer treatment in the case of epothilones) as well as agricultural applica- 
tions. 
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EXPERIMENTAL 

The invention will be further described by reference to the following detailed 
examples. These examples are provided for purposes of illustration only, and are not inten- 
ded to be limiting unless otherwise specified. Standard recombinant DNA and molecular 
cloning techniques used here are well known in the art and are described by Ausubel (ed.), 
Current Protocols in Molecular Biology, John Wiley and Sons, Inc. (1994); T. Maniatis, E. F. 
Fritsch and J. Sambrook, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 
laboratory, Cold Spring Harbor, NY (1989); and by TJ. Silhavy, M.L Berman, and LW. 
Enquist, Experiments with Gene Fusions, Cold Spring Harbor Laboratory, Cold Spring 
Harbor, NY (1984). 

Example 1 : Cultivation of an Epothilone-Producing Strain of Sorangium cellulosum 

Sorangium cellulosum strain 90 (DSM 6773, Deutsche Sammlung von Mikroorganis- 
men und Zellkulturen, Braunschweig) is streaked out and grown (30°C) on an agar plate of 
SolE medium (0.35% glucose, 0.05% tryptone, 0.15% MgS0 4 x 7H 2 0, 0.05% ammonium 
sulfate, 0.1% CaCI 2 , 0.006% K 2 HP0 4 , 0.01% sodium dithionite, 0.0008% Fe-EDTA, 1.2% 
HEPES, 3.5% [vol/vol] supernatant of sterilized stationary S. cellulosum culture) pH ad. 7.4. 
Cells from about 1 square cm are picked and inoculated into 5 mis of G51t liquid medium 
(0.2% glucose, 0.5% starch, 0.2% tryptone, 0.1% probion S, 0.05% CaC! 2 x2H 2 0, 0.05% 
MgSO 4 x7H 2 0, 1.2% HEPES, pH ad. 7.4) and incubated at 30°C with shaking at 225 rpm. 
After 4 days, the culture is transferred into 50 mis of G51t and incubated as above for 5 
days. This culture is used to inoculate 500 mis of G51t and incubated as above for 6 days. 
The culture is centrifuged for 10 minutes at 4000 rpm and the cell pellet is resuspended in 
50 mis of G51t. 

Example 2: Generation of a Bacterial Artificial Chromosome (Bac) Library 

To generate a Bac library, S. cellulosum cells cultivated as described in Example 1 
above are embedded into agarose blocks, lysed, and the liberated genomic DNA is partially 
digested by the restriction enzyme H/ndlll. The digested DNA is separated on an agarose 
gel by pulsed-field electrophoresis. Large (approximately 90-150 kb) DNA fragments are 
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isolated from the agarose gel and ligated into the vector pBelobacll. pBelobacll contains a 
gene encoding chloramphenicol resistance, a multiple cloning site in the lacZ gene provi- 
ding for blue/white selection on appropriate medium, as well as the genes required for the 
replication and maintenance of the plasmid at one or two copies per cell. The ligation mix- 
ture is used to transform Escherichia coli DH10B electrocompetent cells using standard 
electroporation techniques. Chloramphenicol-resistant recombinant (white, /acZ mutant) 
colonies are transferred to a positively charged nylon membrane filter in 384 3X3 grid for- 
mat. The clones are lysed and the DNA is cross-linked to the filters. The same clones are 
also preserved as liquid cultures at -80°C. 

Example 3: Screening the Bac Library of Sorangium celluiosum 90 for the Presence of Type 

I Polyketide Synthase-Related Sequences 

The Bac library filters are probed by standard Southern hybridization procedures. 
The DNA probes used encode p-ketoacyl synthase domains from the first and second 
modules of the rifamycin polyketide synthase (Schupp et a/., FEMS Microbiology Letters 
159: 201-207 (1998)). The probe DNAs are generated by PCR with primers flanking each 
ketosynthase domain using the plasmid pNE95 as the template (pNE95 equals cosmid 2 
described in Schupp et at. (1998)). 25 ng of PCR-amplified DNA is isolated from a 0.5% 
agarose gel and labeled with 32 P-dCTP using a random primer labeling kit (Gibco-BRL, 
Bethesda MD, USA) according to the manufacturer's instructions. Hybridization is at 65°C 
for 36 hours and membranes are washed at high stringency (3 times with 0.1x SSC and 
0.5% SDS for 20 min at 65°C). The labeled blot is exposed on a phosphorescent screen 
and the signals are detected on a Phospholmager 445SI (screen and 445SI from Molecular 
Dynamics). This results in strong hybridization of certain Bac clones to the probes. These 
clones are selected and cultured overnight in 5 mis of Luria broth (LB) at 37°C. Bac DNA 
from the Bac clones of interest is isolated by a typical miniprep procedure. The cells are 
resuspended in 200 \\1 lysozyme solution (50mM glucose, 10 mM EDTA f 25 mM Tris-HCI, 
5mg/ml lysozyme), lysed in 400 pJ lysis solution (0.2 N NaOH and 2% SDS), the proteins 
are precipitated (3.0 M potassium acetate, adjusted to pH5.2 with acetic acid), and the Bac 
DNA is precipitated with isopropanoi. The DNA is resuspended in 20^1 of nuclease-free 
distilled water, restricted with BamH\ (New England Biolabs, Inc.) and separated on a 0.7% 
agarose gel. The gel is blotted by Southern hybridization as described above and probed 



WO 99/66028 PCT/EP99/04171 

-32- 



under conditions described above, with a 1 .2 kb Sma\ DNA fragment encoding the ketosyn- 
thase domain of the fourth module of the soraphen polyketide synthase as the probe (see, 
U.S. Patent No. 5,716,849). Five different hybridization patterns are observed. One clone 
representing each of the five patterns is selected and named pEP015, pEPO20, pEPO30, 
pEP031 , and pEP033, respectively. 

Example 4: Subcloning of BamHI Fragments from pEPOlS, pEPO20, pEPO30, pEP031 t 

and pEP033 

The DNA of the five selected Bac clones is digested with BamHI and random frag- 
ments are subcloned into pBluescript II SK+ (Stratagene) at the BamH\ site. Subclones car- 
rying inserts between 2 and 10 kb in size are selected for sequencing of the flanking ends 
of the inserts and also probed with the 1 .2 Smal probe as described above. Subclones that 
show a high degree of sequence homology to known polyketide synthases and/or strong 
hybridization to the soraphen ketosynthase domain are used for gene disruption experi- 
ments. 

Example 5: Preparation of Streptomycin-Resistant Spontaneous Mutants of Sorangium 

cellulosum strain So ce90 

0.1 ml of a three day old culture of Sorangium cellulosum strain So ce90, which is 
raised in liquid medium G52-H (0.2% yeast extract, 0.2% soyameal defatted, 0.8% potato 
starch, 0.2% glucose, 0.1% MgS04 x7H20, 0.1% CaCI2 x2H20, 0.008% Fe-EDTA, pH ad 
7.4 with KOH), is plated out on agar plates with SolE medium supplemented with 100 \iglm\ 
streptomycin. The plates are incubated at 30°C for 2 weeks. The colonies growing on this 
medium are streptomycin-resistant mutants, which are streaked out and cultivated once 
more on the same agar medium with streptomycin for purification. One of these strepto- 
mycin-resistant mutants is selected and is called BCE28/2. 
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Example 6: Gene Disruptions in Sorangium cellulosum BCE28/2 Using the Subcloned 

BamHl Fragments 

The BamHl inserts of the subclones generated from the five selected Bac clones as 
described above are isolated and ligated into the unique BamHl site of plasmid pCIBl32 
(see, U.S. Patent No. 5,716,849). The pCIB132 derivatives carrying the inserts are trans- 
formed into Escherichia coli ED8767 containing the helper plasmid pUZ8 (Hedges and 
Matthew, Plasmid 2: 269-278 (1979). The transformants are used as donors in conjugation 
experiments with Sorangium cellulosum BCE28/2 as recipient. For the conjugation, 5-10 x 
10 9 cells of Sorangium cellulosum BCE28/2 from an early stationary phase culture (reaching 
about 5 x 10 s cells/ml) grown at 30°C in liquid medium G51b (G51b equals medium G51t 
with tryptone replaced by peptone) are mixed in a 1 :1 cellular ratio with a late-log phase 
culture (in LB liquid medium) of E. coli ED8767 containing pCIB132 derivatives carrying the 
subcloned BamHl fragments and the helper plasmid pUZ8. The mixed cells are then centri- 
fuged at 4000 rpm for 10 minutes and resuspended in 0.5 ml G51b medium. This cell sus- 
pension is then plated as a drop in the center of a plate with So1E agar containg 50 mg/l 
kanamycin. The cells obtained after incubation for 24 hours at 30°C are harvested and res- 
uspended in 0.8 ml of G51 b medium, and 0.1 to 0.3 ml of this suspension is plated out on a 
selective So1E solid medium containing phleomycin (30 mg/l), streptomycin (300 mg/l), and 
kanamycin (50 mg/l). The counterselection of the donor Escherichia coli strain takes place 
with the aid of streptomycin. The colonies that grow on this selective medium after an in- 
cubation time of 8-12 days at a temperature of 30°C are isolated with a plastic loop and 
streaked out and cultivated on the same agar medium for a second round of selection and 
purification. The colony-derived cultures that grow on this selective agar medium after 7 
days at a temperature of 30°C are transconjugants of Sorangium cellulosum BCE28/2 that 
have acquired phleomycin resistance by conjugative transfer of the pCIB132 derivatives 
carrying the subcloned BamHl fragments. 

Integration of the pCIB132-derived plasmids into the chromosome of Sorangium 
cellulosum BCE28/2 by homologous recombination is verified by Southern hybridization. 
For this experiment, complete DNA from 5-10 tranconjugants per transferred BamHl frag- 
ment is isolated (from 10 ml cultures grown in medium G52-H for three days) applying the 
method described by Pospiech and Neumann, Trends Genet 11: 217 (1995). For the 
Southern blot, the DNA isolated as described above is cleaved either with the restriction 
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enzymes flg/ll, Cla\ t or A/ofl, and the respective BamHI inserts or pCIBl32 are used as 32P 
labelled probes. 

Example 7: Analysis of the Effect of the Integrated BamHI Fragments on Epothilone 
Production by Sorangium cellulosum After Gene Disruption 

Transconjugant cells grown on about 1 square cm surface of the selective So1E 
plates of the second round of selection (see Example 6) are transferred by a sterile plastic 
loop into 10 ml of medium G52-H in an 50 ml Erlenmeyer flask. After incubation at 30°C 
and 180 rpm for 3 days, the culture is transfered into 50 ml of medium G52-H in an 200 ml 
. Erlenmeyer flask. After incubation at 30°C and 180 rpm for 4-5 days, 10 ml of this culture is 
transfered into 50 ml of medium 23B3 (0.2 % glucose, 2 % potato starch, 1.6 % soya meal 
defatted, 0.0008 % Fe-EDTA Sodium salt, 0.5 % HEPES (4-(2-hydroxyethyl)-piperazine-1- 
ethane-sulfonic-acid), 2 % vol/vol polysterole resin XAD16 (Rohm & Haas), pH adjusted to 
7.8 with NaOH) in an 200 ml Erlenmeyer flask. 

Quantitative determination of the epothilone produced takes place after incubation 
of the cultures at 30°C and 180 rpm for 7 days. The complete culture broth is filtered by 
suction through a 150 nylon filter. The resin remaining on the filter is then resuspended 
in 10 ml isopropanol and extracted by shaking the suspension at 180 rpm for 1 hour. 1 ml 
is removed from this suspension and centrifuged at 12,000 rpm in an Eppendorff Microfuge. 
The amount of epothilones A and B therein is determined by means of an HPLC and 
detection at 250 nm with a UV_DAD detector (HPLC with Waters -Symetry C18 column and 
a gradient of 0.02 % phosphoric acid 60%-0% and acetonitril 40%-100%). 

Transconjugants with three different integrated BamHI fragments subcloned from 
pEP015, namely transconjugants with the BamHI fragment of plasmid pEPOl 5-21, trans- 
conjugants with the BamHI fragment of plasmid pEPOl 5-4-5, and transconjugants with the 
BamHI fragment of plasmid pEPOl 5-4-1 , are tested in the manner described above. HPLC 
analysis reveals that all transconjugants no longer produce epothilone A or B. By contrast, 
epothilone A and B are detectable in a concentration of 2-4 mg/l in transconjugants with 
BamHI fragments integrated that are derived from pEPO20, pEPO30, pEP031, pEP033, 
and in the parental strain BCE28/2. 
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Example 8: Nucleotide Sequence Determination of the Cloned Fragments and 

Construction of Contigs 

A. BamH\ Insert of Plasmid pEP015-21 

Plasmid DNA is isolated from the strain Escherichia coli DH10B [pEP015-21], and 
the nucleotide sequence of the 2.3-kb SamHI insert in pEP015-21 is determined. Automa- 
ted DNA sequencing is done on the double-stranded DNA template by the dideoxynucleo- 
tide chain termination method, using Applied Biosystems model 377 sequencers. The pri- 
mers used are the universal reverse primer (5 ! GGA AAC AGC TAT GAC CAT G 3' (SEQ ID 
NO:24)) and the universal forward primer (5' GTA AAA CGA CGG CCA GT 3' (SEQ ID 
NO:25)). In subsequent rounds of sequencing reactions, custom-synthesized oligonucle- 
otides, designed for the 3* ends of the previously determined sequences, are used to 
extend and join contigs. Both strands are entirely sequenced, and every nucleotide is se- 
quenced at least two times. The nucleotide sequence is compiled using the program 
Sequencher vers. 3.0 (Gene Codes Corporation), and analyzed using the University of 
Wisconsin Genetics Computer Group programs. The nucleotide sequence of the 2213-bp 
insert corresponds to nucleotides 20779-22991 of SEQ ID NO:1. 

B. SamHI Insert of Plasmid pEP01 5-4-1 

Plasmid DNA is isolated from the strain Escherichia coli DH10B [pEP01 5-4-1], and 
the nucleotide sequence of the 3.9-kb SamHI insert in pEP01 5-4-1 is determined as descri- 
bed in (A) above. The nucleotide sequence of the 3909-bp insert corresponds to nucleo- 
tides 1 6876-20784 of SEQ ID NO:1 . 

C. SamHI Insert of Plasmid pEP01 5-4-5 

Plasmid DNA is isolated from the strain Escherichia co//DH10B [pEPOlS^-S], and 
the nucleotide sequence of the 2.3-kb SamHI insert in pEP0 15-4-5 is determined as 
described in (A) above. The nucleotide sequence of the 2233-bp insert corresponds to 
nucleotides 42528-44760 of SEQ ID NO:1. 
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Example 9: Subcloning and Ordering of DNA Fragments from pEP015 Containing 
Epothilone Biosynthesis Genes 

pEPOIS is digested to completion with the restriction enzyme H/ndlll and the resul- 
ting fragments are subcioned into pBluescript II SK- or pNEB193 (New England Biolabs) 
that has been cut with H/ndlll and dephosphorylated with calf intestinal alkaline phospha- 
tase. Six different clones are generated and named pEP015-NH1 , pEP015-NH2, 
PEP015-NH6, pEP015-NH24 (all based on pNEB193), and pEPOl5-H2.7 and pEP015- 
H3.0 (both based on pBluescript II SK-). 

The BamH\ insert of pEP015-21 is isolated and DIG-labeled (Non-radioactive DNA 
labeling and detection system, Boehringer Mannheim), and used as a probe in DNA hybri- 
dization experiments at high stringency against pEP015-NH1, pEP015-NH2 t pEPOIS- 
NH6, pEP015-NH24, pEPOl5-H2.7 and pEPO15-H3.0. Strong hybridization signal is de- 
tected for pEPOl5-NH24, indicating that pEP015-21 is contained within pEP015-NH24. 

The BamH\ insert of pEPOl 5-4-1 is isolated and DIG-labeled as above, and used as 
a probe in DNA hybridization experiments at high stringency against pEPOl5-NH1 , 
PEP015-NH2, pEPOl5-NH6. pEP015-NH24, pEP015-H2.7 and pEPO15-H3.0. Strong 
hybridization signals are detected for pEP015-NH24 and pEP015-H2.7. Nucleotide se- 
quence data generated from one end each of pEP015-NH24 and pEP015-H2.7 are also in , 
complete agreement with the previously determined sequence of the flamHI insert of 
pEP015-4-1 . These experiments demonstrate that pEPOl 5-4-1 (which contains one inter- 
nal H/ndlll site) overlaps pEP015-H2.7 and pEP015-NH24, and that pEP015-H2.7 and 
pEP015-NH24, in this order, are contiguous. 

The SamHI insert of pEPOl 5-4-5 is isolated and DIG-labeled as above, and used as 
a probe in DNA hybridization experiments at high stringency against pEP015-NH1 , 
pEP015-NH2 t PEP015-NH6. pEPOl5-NH24, pEP015-H2.7 and pEPO15-H3.0. Strong 
hybridization signal is detected for pEPOl5-NH2, indicating that pEP015-21 is contained 
within pEP015-NH2. 

Nucleotide sequence data is generated from both ends of pEP015-NH2 and from 
the end of pEPOl 5-NH24 that does not overlap with pEPOl 5-4-1 . PCR primers NH24 end 
"B n : GTGACTGGCGCCTGGAATCTGCATGAGC (SEQ ID NO:26), NH2 end U A W : 
AGCGGGAGCTTGCTAGACATTCTGTTTC (SEQ ID NO:27), and NH2 end "B": 
GACGCGCCTCGGGCAGCGCCCCAA (SEQ ID NO:28), pointing towards the H/ndlll sites, 
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are designed based on these sequences and used in amplification reactions with pEP015 
and t in separate experiments, with Sorangium cellulosum So ce90 genomic DNA as the 
templates. Specific amplification is found with primer pair NH24 end "B" and NH2 end "A" 
with both templates. The amplimers are cloned into pBluescript It SK- and completely se- 
quenced. The sequences of the amplimers are identical, and also agree completely with 
the end sequences of pEP015-NH24 and pEP015-NH2 t fused at the H/ndlll site, estab- 
lishing that the H/ndlll fragments of pEP015-NH2 and pEP015-NH24 are, in this order, 
contiguous. 

The H/ndlll insert of pEPOl5-H2.7 is isolated and DIG-labeled as above, and used as 
a probe in a DNA hybridization experiment at high stringency against pEP015 digested by 
A/ofl. A A/ofl fragment of about 9 kb in size shows a strong a hybridization, and is further 
subcloned into pBluescript II SK- that has been digested with A/ofl and dephosphorylated 
with calf intestinal alkaline phosphatase, to yield pEPOl5-N9-16. The A/ofl insert of 
pEP015-N9-16 is isolated and DIG-labeled as above, and used as a probe in DNA hybri- 
dization experiments at high stringency against pEP015-NH1, pEPOl5-NH2, pEPOIS- 
NH6, pEP015-NH24, pEPOl5-H2.7 and pEPO15-H3.0. Strong hybridization signals are 
detected for pEP015-NH6, and also for the expected clones pEP015-H2.7 and pEP015- 
NH24. Nucleotide sequence data is generated from both ends of pEP015-NH6 and from 
the end of pEP015-H2.7 that does not overlap with pEP01 5-4-1. PCR primers are de- 
signed pointing towards the H/ndlli sites and used in amplification reactions with pEPOIS 
and, in separate experiments, with Sorangium cellulosum So ce90 genomic DNA as the 
templates. Specific amplification is found with primer pair pEPOl5-NH6 end u B n : 
CACCGAAGCGTCGATCTGGTCCATC (SEQ ID NO:29) and pEP015-H2.7 end "A": 
CGGTCAGATCGACGACGGGCTTTCC (SEQ ID NO:30) with both templates. The ampli- 
mers are cloned into pBluescript II SK- and completely sequenced. The sequences of the 
amplimers are identical, and also agree completely with the end sequences of pEPOlS- 
NH6 and pEP015-H2.7, fused at the H/ndlll site, establishing that the H/ndlll fragments of 
pEP015-NH6 and pEP015-H2.7 are, in this order, contiguous. 

All of these experiments, taken together, establish a contig of H/ndlll fragments 
covering a region of about 55 kb and consisting of the H/ndlll inserts of pEP015-NH6, 
PEP015-H2.7, pEPOl5-NH24, and pEP015-NH2, in this order. The inserts of the re- 
maining two H/ndlll subclones, namely pEP015-NH1 and PEPO15-H3.0, are not found to 
be parts of this contig. 
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Example 10: Further Extension of the Subclone Contig Covering the Epdthiione 

Biosynthesis Genes 

An approximately 2.2 kb BamHI - H/ndlll fragment derived from the downstream end 
of the insert of pEP015-NH2 and thus representing the downstream end of the subclone 
contig described in Example 9 is isolated, DIG-labeled, and used in Southern hybridization 
experiments against pEPOIS and pEP015-NH2 DNAs digested with several enzymes. The 
strongly hybridizing bands are always found to be the same in size between the two target 
DNAs indicating that the Sorangium cellulosum So ce90 genomic DNA fragment cloned into 
pEP015 ends with the H/ndlll site at the downstream end of pEP015-NH2. 

A cosmid DNA library of Sorangium cellulosum So ce90 is generated, using establi- 
shed procedures, in pScosTriplex-ll (Ji, et al, f Genomics 31: 185-192 (1996)). Briefly, high- 
molecular weight genomic DNA of Sorangium cellulosum So ce90 is partially digested with 
the restriction enzyme Sau3AI to provide fragments with average sizes of about 40 kb, and 
ligated to BamHI and Xba\ digested pScosTriplex-II. The ligation mix is packaged with 
Gigapack III XL (Stratagene) and used to transfect E. coli XL1 Blue MR cells. 

The cosmid library is screened with the approximately 2.2 kb BamHI - H/ndlll frag- 
ment, derived from the downstream end of the insert of pEPOl5-NH2, used as a probe in 
colony hybridization. A strongly hybridizing clone, named pEP04E7 is selected. 

pEP04E7 DNA is isolated, digested with several restriction endonucieases, and 
probed in Southern hybridization experiments with the 2.2 kb BamHI - H/ndlll fragment. A 
strongly hybridizing Afofl fragment of approximately 9 kb in size is selected and subcloned 
into pBluescript II SK- to yield pEP04E7-N9-8. Further Southern hybridization experiments 
reveal that the approximately 9 kb Afofl insert of pEP04E7-N9-8 overlaps pEP015-NH2 
over 6 kb in a Afofl - H/ndlll fragment, while the remaining approximately 3 kb H/ndlll - Afofl 
fragment would extend the subclone contig described in Example 9. End sequencing re- 
veals, however, that the downstream end of the insert of pEP04E7-N9-8 contains the 
Ba/nHI - Afofl polylinker of pScosTriplex-ll, thereby indicating that the genomic DNA insert 
of pEP04E7 ends at a Sau3AI site within the extending H/ndlll - Afofl fragment and that the 
Afofl site is derived from pScosTriplex-ll. 

An approximately 1 .6 kb Psfl - Sa/I fragment derived from the approximately 3 kb 
extending H/ndlll - Afofl subfragment of pEP04E7-N9-8 f containing only Sorangium 
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cellulosum So ce90-derived sequences free of vector, is used as a probe against the 
bacterial artificial chromosome library described in Example 2. Besides the previously- 
isolated EP015 t a Bac clone, named EP032, is found to strongly hybridize to the probe. 
pEP032 is isolated, digested with several restriction endonucleases, and hybridized with 
the approximately 1 .6 kb Psfl - Sa/I probe. A H/ndlll - EcoRV fragment of about 13 kb in 
size is found to strongly hybridize to the probe, and is subcloned into pBluescript II SK- 
digested with H/ndlll and HincU to yield pEP032-HEV15. 

Oligonucleotide primers are designed based on the downstream end sequence of 
pEP015-NH2 and on the upstream (H/ndlll) end sequence derived from pEP032-HEV15, 
and used in sequencing reactions with pEP04E7-IM9-8 as the template. The sequences 
reveal the existence of a small H/ndlll fragment (EPO4E7-H0.02) of 24 bp, undetectable in 
standard restriction analysis, separating the H/ndlll site at the downstream end of pEP015- 
NH2 from the H/ndlll site at the upstream end of pEP032-HEV1 5. 

Thus, the subclone contig described in Example 9 is extended to include the H/ndlll 
fragment EPO4E7-H0.02 and the insert of pEP032-HEV15, and constitutes the inserts of: 
pEP015-NH6, pEP015-H2.7, pEP015-NH24, pEP015-NH2, EPO4E7-H0.02 and pEP032- 
HEV15. in this order. 

Example 11: Nucleotide Sequence Determination of the Subclone Contig Covering the 

Epothilone Biosynthesis Genes 

The nucleotide sequence of the subclone contig described in Example 10 is 
determined as follows. 

pEPOl 5-H2.7. Plasmid DNA is isolated from the strain Escherichia coli DH10B 
[pEP015-H2.7], and the nucleotide sequence of the 2.7-kb BamHI insert in pEP015-H2.7 is 
determined. Automated DNA sequencing is done on the double-stranded DNA template by 
the dideoxynucleotide chain termination method, using Applied Biosystems model 377 
sequencers. The primers used are the universal reverse primer (5* GGA AAC AGC TAT 
GAC CAT G 3' (SEQ ID NO:24)) and the universal forward primer (5' GTA AAA CGA CGG 
CCA GT 3* (SEQ ID NO:25)). In subsequent rounds of sequencing reactions, custom- 
synthesized oligonucleotides, designed for the 3' ends of the previously determined 
sequences, are used to extend and join contigs. 
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pEP015-NH6, pEP015-NH24 and pEPOl5-NH2. The H/ndlll inserts of these plas- 
mids are isolated, and subjected to random fragmentation using a Hydroshear apparatus 
(Genomic Instrumentation Services, Inc.) to yield an average fragment size of 1-2 kb. The 
fragments are end-repaired using T4 DNA Polymerase and Klenow DNA Polymerase en- 
zymes in the presence of desoxynucleotide triphosphates, and phosphorylated with T4 DNA 
Kinase in the presence of ribo-ATP. Fragments in the size range of 1.5-2.2 kb are isolated 
from agarose gels, and ligated into pBluescript It SK- that has been cut with EcoRV and de- 
phosphorylated. Random subclones are sequenced using the universal reverse and the 
universal forward primers. 

PEP032-HEV15. pEP032-HEV15 is digested with H/ndlll and Ssp\, the approxima- 
tely 13.3 kb fragment containing the -13 kb H/ndlll - EcoRV insert from So. cellulosum So 
ce90 and a 0.3 kb Hindi - Ssp\ fragment from pBluescript II SK- is isolated, and partially 
digested with Haelll to yield fragments with an average size of 1-2 kb. Fragments in the size 
range of 1.5-2.2 kb are isolated from agarose gels, and ligated into pBluescript II SK- that 
has been cut with EcoRV and dephosphorylated. Random subclones are sequenced using 
the universal reverse and the universal forward primers. 

The chromatograms are analyzed and assembled into contigs with the Phred, Phrap 
and Consed programs (Ewing, et a/., Genome Res. 8(3): 175-185 (1998); Ewing, etal., 
Genome Res. 8(3): 186-194 (1998); Gordon, etal., Genome Res. 8(3): 195-202 (1998)). 
Contig gaps are filled, sequence discrepancies are resolved, and low-quality regions are 
resequenced using custom-designed oligonucleotide primers for sequencing on either the 
original subclones or selected clones from the random subclone libraries. Both strands are 
completely sequenced, and every basepair is covered with at least a minimum aggregated 
Phred score of 40 (confidence level of 99.99%). 

The nucleotide sequence of the 68750 bp contig is shown as SEQ ID NO:1 . 
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Example 12: Nucleotide Sequence Analysis of the Epothilone Biosynthesis Genes 
SEQ ID NO:1 is found to contain 22 ORFs as detailed below in Table 1 : 



Table 1 



ORF 


Start codon 


Stop codon 


Homology of deduced protein 


Proposed function of deduced protein 


orf\ 


outside of 
sequenced 
range 


1826 






orfl * 


3171 


1900 


Hypothetical protein SP: Ql 1037; 
DD-peptidase SP:P15555 




orfl 


3415 


5556 


Na/H antiporter P1D: D 1 017724 


Transport 




5992 


5612 






orf5 


6226 


6675 






epoA 


7610 


11875 


Type I polyketide synthase 


Epothilone synthase: Thiazoie ring 
formation 


epo? 


11872 


16104 


Non-ribosomal peptide synthetase 


Epothilone synthase: Thiazoie ring 
formation 


epoB 


16251 


21749 


Type I polyketide synthase 


Epothilone synthase: Polyketide 
backbone formation 


epoC 


21746 


43519 


Type 1 polyketide synthase 


Epothilone synthase: Polyketide 
backbone formation 


epoD 


43524 


54920 


Type I polyketide synthase 


Epothilone synthase: Polyketide 
backbone formation 


epoE 


54935 


62254 


Type I polyketide synthase 


Epothilone synthase: Polyketide 
backbone formation 


epoF 


62369 


63628 


Cytochrome P450 


Epothilone macrolactone oxidase 


orfS 


63779 


64333 






orfl * 


64290 


63853 






orfS 


64363 


64920 






oH9 * 


64727 


64287 






orf\0 


65063 


65767 






orf\ \ * 


65874 


65008 






orf\2* 


66338 


65871 






or/13 


66667 


67137 






or/14 


67334 


68251 


Hypothetical protein GI: 3293544; 
Cation efflux system protein 
GI:2623026 


Transport 


or/15 


68346 


outside of 
sequenced 
range 







* On the reverse complementer strand. Numbering according to SEQ ID NO:1 . 



epoA (nucleotides 7610-1 1875 of SEQ ID NO:1) codes for EPOS A (SEQ ID NO:2), a 
type I polyketide synthase consisting of a single module, and harboring the following do- 
mains: fi-ketoacyl-synthase (KS) (nucleotides 7643-8920 of SEQ ID NO:1, amino acids 11- 
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437 of SEQ ID NO:2); acyltransferase (AT) (nucleotides 9236-10201 of SEQ ID NO:1 , 
amino acids 543-864 of SEQ ID NO:2); enoyi reductase (ER) (nucleotides 10529-11428 of 
SEQ ID NO:1, amino acids 974-1273 of SEQ ID NO:2); and acyl carrier protein homologous 
domain (ACP) (nucleotides 11549-11764 of SEQ ID NO:1, amino acids 1314-1385 of SEQ 
ID NO:2). Sequence comparisons and motif analysis (Haydock, et al. FEBS Lett. 374: 246- 
248 (1995); Tang, et al., Gene 216: 255-265 (1998)) reveal that the AT encoded by EPOS 
A is specific for malonyl-CoA. EPOS A should be involved in the initiation of epothilone bio- 
synthesis by loading the acetate unit to the multienzyme complex that will eventually form 
part of the 2-methylthiazole ring (C26 and C20). 

epoP (nucleotides 1 1872-16104 of SEQ ID NO:1) codes for EPOS P (SEQ ID NO:3), 
a non-ribosomal peptide synthetase containing one module. EPOS P harbors the following 
domains: 

• peptide bond formation domain, as delineated by motif K (amino acids 72-81 
[FPLTDIQESY] of SEQ ID NO:3, corresponding to nucleotide positions 12085-12114 of 
SEQ ID NO:1); motif L (amino acids 118-125 [VVARHDML] of SEQ ID NO:3 t correspon- 
ding to nucleotide positions 12223-12246 of SEQ ID NO:1); motif M (amino acids 199- 
212 [SIDLINVDLGSLSI] of SEQ ID NO:3, corresponding to nucleotide positions 12466- 
12507 of SEQ ID NO:1); and motif O (amino acids 353-363 [GDFTSMVLLDl] of SEQ ID 
NO:3, corresponding to nucleotide positions 12928-12960 of SEQ ID NO:1); 

• aminoacyl adenylate formation domain, as delineated by motif A (amino acids 549- 
565 [LTYEELSRRSRRLGARL] of SEQ ID NO:3 t corresponding to nucleotide positions 
13516-13566 of SEQ ID NO:1); motif B (amino acids 588-603 [VAVLAVLESGAAYVPI] of 
SEQ ID NO:3 t corresponding to nucleotide positions 13633-13680 of SEQ ID NO:1); 
motif C (amino acids 669-684 [AYVIYTSGSTGLPKGV] of SEQ ID NO:3, corresponding 
to nucleotide positions 13876-13923 of SEQ ID NO:1); motif D (amino acids 815-821 
[SLGGATE] of SEQ ID NO:3, corresponding to nucleotide positions 14313-14334 of 
SEQ ID NO:1); motif E (amino acids 868-892 [GQLYIGGVGLALGYWRDEEKTRKSF] of 
SEQ ID NO:3 t corresponding to nucleotide positions 14473-14547 of SEQ ID NO:1); 
motif F (amino acids 903-912 [YKTGDLGRYL] of SEQ ID NO:3 f corresponding to nucle- 
otide positions 14578-14607 of SEQ ID NO:1); motif G (amino acids 918-940 
[EFMGREDNQIKLRGYRVELGEIE] of SEQ ID NO:3, corresponding to nucleotide 
positions 14623-14692 of SEQ ID NO:1); motif H (amino acids 1268-1274 [LPEYMVP] of 
SEQ ID NO:3, corresponding to nucleotide positions 15673-15693 of SEQ ID NO:1); and 
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motif I (amino acids 1285-1297 [LTSNGKVDRKALR] of SEQ ID NO:3, corresponding to 
nucleotide positions 1 5724-1 5762 of SEQ ID NO:1 ); 

• an unknown domain, inserted between motifs G and H of the aminoacyl adenylate 
formation domain (amino acids 973-1256 of SEQ ID NO:3 ( corresponding to nucleotide 
positions 14788-15639 of SEQ ID NO:1); and 

• a peptidyl carrier protein homologous domain (PCP), delineated by motif J (amino 
acids 1344-1351 [GATSIHIV] of SEQ ID NO:3, corresponding to nucleotide positions 
15901-15924 of SEQ ID NO:1). 

It is proposed that EPOS P is involved in the activation of a cysteine by adenylation, binding 
the activated cysteine as an aminoacyl-S-PCP, forming a peptide bond between the en- 
zyme-bound cysteine and the acetyl-S-ACP supplied by EPOS A, and the formation of the 
initial thiazoline ring by intramolecular heterocyclization. The unknown domain of EPOS P 
displays very weak homologies to NAD(P)H oxidases and reductases from Bacillus species. 
Thus, this unknown domain and/or the ER domain of EPOS A may be involved in the oxida- 
tion of the initial 2-methylthiazoline ring to a 2-methylthiazoie. 

epoB (nucleotides 16251-21749 of SEQ ID NO:1) codes for EPOS B (SEQ ID NO:4), 
a type I polyketide synthase consisting of a single module, and harboring the following do- 
mains: KS (nucleotides 16269-17546 of SEQ ID NO:1, amino acids 7-432 of SEQ ID NO:4); 
AT (nucleotides 17865-18827 of SEQ ID NO:1 t amino acids 539-859 of SEQ ID NO:4); 
dehydratase (DH) (nucleotides 18855-19361 of SEQ ID NO:1, amino acids 869-1037 of 
SEQ ID NO:4); (i-ketoreductase (KR) (nucleotides 20565-21302 of SEQ ID NO:1 f amino 
acids 1439-1684 of SEQ ID NO:4); and ACP (nucleotides 21414-21626 of SEQ ID NO:1, 
amino acids 1722-1792 of SEQ ID NO:4). Sequence comparisons and motif analysis reveal 
that the AT encoded by EPOS B is specific for methylmalonyl-CoA. EPOS A should be in- 
volved in the first polyketide chain extension by catalysing the Claisen-like condensation of 
the 2-methyl-4-thiazolecarboxyl-S-PCP starter group with the methyimalonyl-S-ACP, and 
the concomitant reduction of the b-keto group of C17 to an enoyl. 

epoC (nucleotides 21746-43519 of SEQ ID NO:1) codes for EPOS C (SEQ ID NO:5) ( 
a type I polyketide synthase consisting of 4 modules. The first module harbors a KS (nucle- 
otides 21860-231 16 of SEQ ID NO:1 , amino acids 39-457 of SEQ ID NO:5); a malonyl CoA- 
specific AT (nucleotides 23431-24397 of SEQ ID NO:1, amino acids 563-884 of SEQ ID 
NO:5); a KR (nucleotides 25184-25942 of SEQ ID NO:1 f amino acids 1 147-1399 of SEQ ID 
NO:5); and an ACP (nucleotides 26045-26263 of SEQ ID NO:1, amino acids 1434-1506 of 
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SEQ ID NO:5). This module incorporates an acetate extender unit (C14-C13) and reduces 
the p-keto group at C15 to the hydroxyl group that takes part in the final lactonization of the 
epothiione macrolactone ring. The second module of EPOS C harbors a KS (nucleotides 
26318-27595 of SEQ ID NO:1, amino acids 1524-1950 of SEQ ID NO:5); a malonyl CoA- 
specific AT (nucleotides 2791 1-28876 of SEQ ID NO:1 ( amino acids 2056-2377 of SEQ ID 
NO:5); a KR (nucleotides 29678-30429 of SEQ ID NO:1 , amino acids 2645-2895 of SEQ ID 
NO:5); and an ACP (nucleotides 30539-30759 of SEQ ID NO:1, amino acids 2932-3005 of 
SEQ ID NO:5). This module incorporates an acetate extender unit (C12-C11) and reduces 
the p-keto group at C13 to a hydroxyl group. Thus, the nascent polyketide chain of epothi- 
ione corresponds to epothiione A, and the incorporation of the methyl side chain at C12 in 

•epothiione B would require a post-PKS C-methyltransf erase activity. The formation of the 
epoxi ring at C13-C12 would also require a post-PKS oxidation step. The third module of 
EPOS C harbors a KS (nucleotides 30815-32092 of SEQ ID NO:1, amino acids 3024-3449 

. of SEQ ID NO:5); a malonyl CoA-specific AT (nucleotides 32408-33373 of SEQ ID NO:1, 
amino acids 3555-3876 of SEQ ID NO:5); a DH (nucleotides 33401-33889 of SEQ ID NO:1 , 
amino acids 3886-4048 of SEQ ID NO:5); an ER (nucleotides 35042-35902 of SEQ ID 
NO:1, amino acids 4433-4719 of SEQ ID NO:5); a KR (nucleotides 35930-36667 of SEQ ID 
NO:1, amino acids 4729-4974 of SEQ ID NO:5); and an ACP (nucleotides 36773-36991 of 
SEQ ID NO:1 , amino acids 5010-5082 of SEQ ID NO:5). This module incorporates an ace- 
tate extender unit (C10-C9) and fully reduces the p-keto group at C1 1 . The fourth module 
of EPOS C harbors a KS (nucleotides 37052-38320 of SEQ ID NO:1, amino acids 5103- 
5525 of SEQ ID NO:5); a methylmalonyl CoA-specific AT (nucleotides 38636-39598 of SEQ 
ID NO:1, amino acids 5631-5951 of SEQ ID NO:5); a DH (nucleotides 39635-40141 of SEQ 
ID NO:1 , amino acids 5964-6132 of SEQ ID NO:5); an ER (nucleotides 41369-42256 of 
SEQ ID NO:1 ( amino acids 6542-6837 of SEQ ID NO:5); a KR (nucleotides 42314-43048 of 
SEQ ID NO:1 ( amino acids 6857-7101 of SEQ ID NO:5); and an ACP (nucleotides 43163- 
43378 of SEQ ID NO:1, amino acids 7140-7211 of SEQ ID NO:5). This module incorporates 
a propionate extender unit (C24 and C8-C7) and fully reduces the p-keto group at C9. 

epoD (nucleotides 43524-54920 of SEQ ID NO:1) codes for EPOS D (SEQ ID NO:6), 
a type I polyketide synthase consisting of 2 modules. The first module harbors a KS 
(nucleotides 43626-44885 of SEQ ID NO:1 , amino acids 35-454 of SEQ ID NO:6); a 
methylmalonyl CoA-specific AT (nucleotides 45204-46166 of SEQ ID NO:1, amino acids 
561-881 of SEQ ID NO:6); a KR (nucleotides 46950-47702 of SEQ ID NO:1, amino acids 
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1143-1393 of SEQ ID NO:6); and an ACP (nucleotides 4781 1-48032 of SEQ ID NO:1 ( ami- 
no acids 1430-1503 of SEQ ID NO:6). This module incorporates a propionate extender unit 
(C23 and C6-C5) and reduces the [J-keto group at C7 to a hydoxyl group. The second mo- 
dule harbors a KS (nucleotides 48087-49361 of SEQ ID NO:1 ( amino acids 1522-1946 of 
SEQ ID NO: 6); a methylmalonyl CoA-specific AT (nucleotides 49680-50642 of SEQ ID 
NO:1, amino acids 2053-2373 of SEQ ID NO:6); a DH (nucleotides 50670-51176 of SEQ ID 
NO:1, amino acids 2383-2551 of SEQ ID NO:6); a methyltransferase (MT, nucleotides 
51534-52657 of SEQ ID NO:1 , amino acids 2671-3045 of SEQ ID NO:6); a KR (nucleotides 
53697-54431 of SEQ ID NO:l, amino acids 3392-3636 of SEQ ID NO:6); and an ACP 
(nucleotides 54540-54758 of SEQ ID NO:1 t amino acids 3673-3745 of SEQ ID NO:6). This 
module incorporates a propionate extender unit (C21 or C22 and C4-C3) and reduces the 
P-keto group at C5 to a hydoxyl group. This reduction is somewhat unexpected, since epo- 
thiiones contain a keto group at C5. Discrepancies of this kind between the deduced reduc- 
tive capabilities of PKS modules and the redox state of the corresponding positions in the 
final polyketide products have been, however, reported in the literature (see, for example, 
Schwecke, et al., Proc. Natl. Acad. Set. USA 92: 7839-7843 (1995) and Schupp, et al., . 
FEMS Microbiology Letters 159: 201-207 (1998)). An important feature of epothilones is 
the presence of gem-methyl side groups at C4 (C21 and C22). The second module of 
EPOS D is predicted to incorporate a propionate unit into the growing polyketide chain, 
providing one methyl side chain at C4. This module also contains a methyltransferase do- 
main integrated into the PKS between the DH and the KR domains, in an arrangement simi- 
lar to the one seen in the HMWP1 yersiniabactin synthase (Gehring, A.M., DeMoll, E., 
Fetherston, J.D., Mori, I., Mayhew, G.F., Blattner, F.R., Walsh, C.T., and Perry, R.D.: Iron 
acquisition in plague: modular logic in enzymatic biogenesis of yersiniabactin by Yersinia 
pestis. Chem. Biol. 5, 573-586, 1998). This MT domain in EPOS D is proposed to be 
responsible for the incorporation of the second methyl side group (C21 or C22) at C4. 

epoE (nucleotides 54935-62254 of SEQ ID NO:1) codes for EPOS E (SEQ ID NO:7), 
a type I polyketide synthase consisting of one module, harboring a KS (nucleotides 55028- 
56284 of SEQ ID NO:1 , amino acids 32-450 of SEQ ID NO:7); a malonyl CoA-specific AT 
(nucleotides 56600-57565 of SEQ ID NO:1, amino acids 556-877 of SEQ ID NO:7); a DH 
(nucleotides 57593-58087 of SEQ ID NO:1, amino acids 887-1051 of SEQ ID NO:7); a pro- 
bably nonfunctional ER (nucleotides 59366-60304 of SEQ ID NO:1 ( amino acids 1478-1790 
of SEQ ID NO:7); a KR (nucleotides 60362-61099 of SEQ ID NO:1, amino acids 1810-2055 
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of SEQ ID NO:7); an ACP (nucleotides 61211-61426 of SEQ ID NO:1 f amino acids 2093- 
2164 of SEQ ID NO:7); and a thioesterase (TE) (nucleotides 61427-62254 of SEQ ID NO:1, 
amino acids 2165-2439 of SEQ ID NO:7). The ER domain in this module harbors an active 
site motif with some highly unusual amino acid substitutions that probably render this do- 
main inactive. The module incorporates an acetate extender unit (C2-C1), and reduces the 
0-keto at C3 to an enoyl group. Epothilones contain a hydroxyl group at C3, so this reduc- 
tion also appears to be excessive as discussed for the second module of EPOS D. The TE 
domain of EPOS E takes part in the release and cyciization of the grown polyketide chain 
via lactonization between the carboxyl group of C1 and the hydroxyl group of C15. 

Five ORFs are detected upstream of epoA in the sequenced region. The partially se- 
quenced orf\ has no homologues in the sequence databanks. The deduced protein pro- 
duct (Orf 2, SEQ ID NO: 10) of orfl (nucleotides 3171-1900 on the reverse complement 
strand of SEQ ID NO:1) shows strong similarities to hypothetical ORFs from Mycobacterium 
and Streptomyces coeiicolor, and more distant similarities to carboxypeptidases and DD- 
peptidases of different bacteria. The deduced protein product of orf3 (nucleotides 3415- 
5556 of SEQ ID NO:1) t Orf 3 (SEQ ID NO:1 1), shows homologies to Na/H antiporters of 
different bacteria. Orf 3 might take part in the export of epothilones from the producer 
strain. orfA and orfS have no homologues in the sequence databanks. 

Eleven ORFs are found downstream of epoE in the sequenced region. epoF (nucle- 
otides 62369-63628 of SEQ ID NO:1) codes for EPOS F (SEQ ID NO:8), a deduced protein 
with strong sequence similarities to cytochrome P450 oxygenases. EPOS F may take part 
in the adjustment of the redox state of the carbons C12, C5, and/or C3. The deduced pro- 
tein product of orfl 4 (nucleotides 67334-68251 of SEQ ID NO:1) t Orf 14 (SEQ ID NO:22) 
shows strong similarities to G!:3293544 f a hypothetic protein with no proposed function from 
Streptomyces coeiicolor, and also to Gl:2654559, the human embrionic lung protein. It is 
also more distantly related to cation efflux system proteins like Gl:2623026 from Methano- 
bacterium thermoautotrophicum, so it might also take part in the export of epothilones from 
the producing cells. The remaining ORFs (ortB-orf13 and orfl 5) show no homologies to 
entries in the sequence databanks. 



Example 13: Recombinant Expression of Epothilone Biosynthesis Genes 
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Epothilone synthase genes according to the present invention are expressed in hete- 
rologous organisms for the purposes of epothilone production at greater quantities than can 
be accomplished by fermentation of Sorangium cellulosum. A preferable host for hetero- 
logous expression is Streptomyces, e.g. Streptomyces coelicotor, which natively produces 
the polyketide actinorhodin. Techniques for recombinant PKS gene expression in this host 
are described in McDaniel et a/.. Science 262: 1546-1550 (1993) and Kao etai, Science 
265: 509-512 (1994). See also, Holmes et al. t EMBO Journal 12(8): 3183-3191 (1993) and 
Bibb etai, Gene 38: 215-226 (1985), as well as U.S. Patent Nos. 5,521,077, 5.672,491, 
and 5,712,146, which are incorporated herein by reference. 

According to one method, the heterologous host strain is engineered to contain a 
chromosomal deletion of the actinorhodin (act) gene cluster. Expression plasmids contai- 
ning the epothilone synthase genes of the invention are constructed by transferring DNA 
from a temperature-sensitive donor plasmid to a recipient shuttle vector in E. coli (McDaniel 
et a/. (1993) and Kao etai (1994)), such that the synthase gdnes are built-up by homolo- 
gous recombination within the vector. Alternatively, the epothilone synthase gene cluster is 
introduced into the vector by restriction fragment ligation. Following selection, e.g. as 
described in Kao etai (1994), DNA from the vector is introduced into the acf-minus 
Streptomyces coelicolor strain according to protocols set forth in Hopwood etai, Genetic 
Manipulation of Streptomyces. A Laboratory Manuai (John Innes Foundation, Norwich, 
United Kingdom, 1985), incorporated herein by reference. The recombinant Streptomyces 
strain is grown on R2YE medium (Hopwood etai (1985)) and produces epothilones. 
Alternatively, the epothilone synthase genes according to the present invention are ex- 
pressed in other host organisms such as pseudomonads. Bacillus, yeast, insect cells and/or 
E. coli. PKS and NRPS genes are preferably expressed in E. coli using the pT7-7 vector, 
which uses the T7 promoter. See, Tabor etai, Proc. Natl. Acad. ScL USA 82: 1074-1078 
(1985). In another embodiment, the expression vectors pKK223-3 and pKK223-2 are used 
to express PKS and NRPS genes in E. coli, either in transcriptional or translational fusion, 
behind the fac or trc promoter. Expression of PKS and NRPS genes in heterologous hosts, 
which do not naturally have the phosphopantetheinyl (P-pant) transferases needed for post- 
translational modification of PKS enzymes, requires the coexpression in the host of a P- 
pant transferase, as described by Kealey etai, Proc. Natl. Acad. ScL USA 95: 505-509 
(1998). 
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Example 14: Isolation of Epothilones from Producing Strains 



Examples of cultivation, fermentation, and extraction procedures for polyketide isola- 
tion, which are useful for extracting epothilones from both native and recombinant hosts ac- 
cording to the present invention, are given in WO 93/10121, incorporated herein by referen- 
ce, in Example 57 of U.S. Patent No. 5,639,949, in Gerth et a/., J. Antibiotics 49: 560-563 
(1996), and in Swiss patent application no. 396/98, filed February 19, 1998. and U.S. patent 
application no. 09/248,910 (that discloses also preferred mutant strains of Sorangium 
cellulosum), both of which are incorporated herein by reference. The following are pro- 
cedures that are useful for isolating epothilones from cultured Sorangium cellulosum strains 
such as So ce90, and may also be used for the isolation of epothilone from recombinant 



hosts. 



A: Cultivation of epothilone-producinq strains: 



Strain: 



Sorangium cellulosum Soce-90 or a recombinant host strain 
according to the present invention. 



Preservation of the strain: In liquid N 2 . 



Media: 



Precultures and intermediate cultures: G52 



Main culture: 



1B12 



G52 Medium: 



yeast extract, low in salt (BioSpringer, Maison Alfort, France) 
MgSO< (7 H 2 0) 
CaCI 2 (2 H 2 0) 

soya meal defatted Soyamine SOT (Lucas Meyer, Hamburg, 
Germany) 

potato starch Noredux A-150 (Blattmann, Waedenswil, 
Switzerland) 
glucose anhydrous 
EDTA-Fe(lll)-Na salt (8 g/l) 



1 ml/I 



2 g/l 
1 g/l 
1 g/l 



2 g/l 



8g/l 
2 g/l 
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pH 7.4, corrected with KOH 
Sterilisation: 20 mins. 120 °C 

1B1 2 Medium: 

potato starch Noredux A-150 (Blattmann, Waedenswil, 
Switzerland) 20 g/l 

soya meal defatted Soyamine SOT (Lucas Meyer, Hamburg, 
Germany) 1 1 g/| 

EDTA-Fe(lll)-Na salt 8 mg/l 

pH 7.8, corrected with KOH 
Sterilisation: 20 mins. 120 °C 



Addition of cvclodextrins and cvclodextrin derivatives: 

Cyclodextrins (Fluka, Buchs, Switzerland, or Wacker Chemie, 
Munich, Germany) in different concentrations are sterilised 
separately and added to the 1B12 medium prior to seeding. 

Cultivation : 1 ml of the suspension of Sorangium cellulosum Soce-90 from a liquid N 2 am- 
poule is transferred to 10 ml of G52 medium (in a 50 ml Erienmeyer flask) and incubated for 
3 days at 180 rpm in an agitator at 30°C, 25 mm displacement. 5 ml of this culture is added 
to 45 ml of G52 medium (in a 200 mi Erienmeyer flask) and incubated for 3 days at 180 rpm 
in an agitator at 30°C. 25 mm displacement 50 ml of this culture is then added to 450 ml of 
G52 medium (in a 2 litre Erienmeyer flask) and incubated for 3 days at 180 rpm in an agi- 
tator at 30°C, 50 mm displacement. 

Maintenance culture: The culture is overseeded every 3-4 days, by adding 50 ml of culture 
to 450 ml of- G52 medium (in a 2 litre Erienmeyer flask). AH experiments and fermentations 
are carried out by starting with this maintenance culture. 

Tests in a flask: 

(I) Preculture in an agitating flask: 
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Starting with the 500 ml of maintenance culture, 1 x 450 ml of G52 medium are seeded with 
50 ml of the maintenance culture and incubated for 4 days at 180 rpm in an agitator at 
30°C ( 50 mm displacement, 
(ii) Main culture in the agitating flask: 

40 ml of 1B12 medium plus 5 g/l 4-morpholine-propahe-sulfonic acid (= MOPS) powder (in a 
200 ml Erlenmeyer flask) are mixed with 5 ml of a 1 0x concentrated cyclodextrin solution, 
seeded with 10 ml of preculture and incubated for 5 days at 180 rpm in an agitator at 30°C, 
50 mm displacement. 

Fermentation: Fermentations are carried out on a scale of 10 litres, 100 litres and 500 litres. 
20 litre and 100 litre fermentations serve as an intermediate culture step. Whereas the pre- 
cultures and intermediate cultures are seeded as the maintenance culture 10% (v/v), the 
main cultures are seeded with 20% (v/v) of the intermediate culture. Important: In contrast to 
the agitating cultures, the ingredients of the media for the fermentation are calculated on 
the final culture volume including the inoculum. If, for example, 18 litres of medium + 2 litres 
of inoculum are combined, then substances for 20 litres are weighed in, but are only mixed 
with 1 8 litres. 

Preculture in an agitating flask: 

Starting with the 500 ml maintenance culture, 4 x 450 ml of G52 medium (in a 2 litre Erlen- 
meyer flask) are each seeded with 50 ml thereof, and incubated for 4 days at 180 rpm in an 
agitator at 30°C, 50 mm displacement. 

Intermediate culture. 20 litres or 100 litres: 

20 litres: 1 8 litres of G52 medium in a f ermenter having a total volume of 30 litres are 
seeded with 2 litres of the preculture. Cultivation lasts for 3-4 days, and the conditions are: 
30°C, 250 rpm, 0.5 litres of air per litre liquid per min, 0.5 bars excess pressure, no pH 
control. 

1 00 litres: 90 litres of G52 medium in a f ermenter having a total volume of 150 litres are 
seeded with 10 litres of the 20 litre intermediate culture. Cultivation lasts for 3-4 days, and 
the conditions are: 30°C, 150 rpm, 0.5 litres of air per litre liquid per min t 0.5 bars excess 
pressure, no pH control. 
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Main culture, 10 litres. 100 litres or 500 litres: 

10 litres: The media substances for 10 litres of 1B12 medium are sterilised in 7 litres of 
water, then 1 litre of a sterile 10% 2-(hydroxypropyl) -P-cyclodextrin solution are added, and 
seeded with 2 litres of a 20 litre intermediate culture. The duration of the main culture is 6- 
7 days, and the conditions are: 30°C f 250 rpm, 0.5 litres of air per litre of liquid per min, 
0.5 bars excess pressure, pH control with l-feSCVKOH to pH 7.6 +/- 0.5 (i.e. no control 
between pH 7.1 and 8.1). 

100 litres: The media substances for 100 litres of 1B12 medium are sterilised in 70 litres of 
water, then 10 litres of a sterile 10% 2-(hydroxypropyl) -p-cyclodextrin solution are added, 
and seeded with 20 litres of a 20 litre intermediate culture. The duration of the main culture 
is 6-7 days, and the conditions are: 30°C, 200 rpm, 0.5 litres air per litre liquid per min., 
0.5 bars excess pressure, pH control with H2SO4/KOH to pH 7.6 +/- 0.5. The chain of 
seeding for a 100 litre fermentation is shown schematically as follows: 

maintenance culture (500ml) 
G52 medium 



<jlO% 



10% 



precultures 
(4 x 500 ml) 
G52 medium 



10% 



intermediate 
culture (e.g. 20 I) 
G52 medium 



maintenance culture 
(500 ml) G52 medium 



20% 



main culture 
(e.g. 100 I) 
medium + HP-p-CD 



500 litres: The media substances for 500 litres of 1B12 medium are sterilised in 350 litres of 
water, then 50 litres of a sterile 10% 2-(hydroxypropyl) -p-cyclodextrin solution are added, 
and seeded with 100 litres of a 100 litre intermediate culture. The duration of the main 
culture is 6-7 days, and the conditions are: 30°C, 120 rpm, 0.5 litres air per litre liquid per 
min., 0.5 bars excess pressure, pH control with H2SO4/KOH to pH 7.6 +/- 0.5. 



Product analysis: 
Preparation of the sample: 
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50 ml samples are mixed with 2 ml of polystyrene resin Amberiite XAD16 (Rohm + Haas, 
Frankfurt, Germany) and shaken at 180 rpm for one hour at 30°C. The resin is 
subsequently filtered using a 150 pm nylon sieve, washed with a little water and then added 
together with the filter to a 15 ml Nunc tube. 
Elution of the product from the resin: 

10 ml of isopropanol (>99%) are added to the tube with the filter and the resin. Afterwards, 
the sealed tube is shaken for 30 minutes at room temperature on a Rota-Mixer (Labinco BV, 
Netherlands). Then, 2 ml of the liquid are centrifuged off and the supernatant is added 
using a pipette to HPLC tubes. 
HPLC analysis: 



Column: 



Solvents: 



Gradient: 



Oven temp.: 
Detection: 
Injection vol.: 



Waters-Symetry C18, 100 x 4 mm, 3.5 pm 
WAT066220 + preliminary column 3.9 x 20 mm 
WAT054225 

A: 0.02 % phosphoric acid 
B: Acetonitrile (HPLC-Quality) 
41% B from0to7min. 
100% B from 7.2 to 7.8 min. 
41% B from 8 to 12 min. 
30°C 

250 nm, UV-DAD detection 
10 pi 



Retention time: Epo A: 4.30 min 



Epo B: 5.38 min 



B: Effect of the addition of cvclodextrin and cvclodextrin derivatives to the epothilone 
concentrations attained. 

Cyclodextrins are cyclic (a-1 ,4)-linked oligosaccharides of a-D-giucopyranose with a 
relatively hydrophobic central cavity and a hydrophilic external surface area. 

The following are distinguished in particular (the figures in parenthesis give the 
number of glucose units per molecule): a-cyclodextrin (6), (J-cyclodextrin (7), 7- cyclodextrin 
(8), 5-cyclodextrin (9), £- cyclodextrin (10), ^-cyclodextrin (11), rvcyclodextrin (12), and 6- 
cyclodextrin (13). Especially preferred are 5-cyclodextrin and in particular a-cyclodextrin, p- 
cyclodextrin or y-cyclodextrin, or mixtures thereof. 
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Cyclodextrin derivatives are primarily derivatives of the above-mentioned cyclodex- 
trins, especially of a-cyclodextrin, (J-cyclodextrin or y-cyclodextrin, primarily those in which 
one or more up to all of the hydroxy groups (3 per glucose radical) are etherified or este- 
rified. Ethers are primarily alkyl ethers, especially lower alkyl, such as methyl or ethyl ether, 
also propyl or butyl ether; the aryl-hydroxyalkyl ethers, such as phenyl-hydroxy-lower-alkyl, 
especially phenyl-hydroxyethyl ether; the hydroxyalkyl ethers, in particular hydroxy-lower- 
alkyl ethers, especially 2-hydroxyethyl, hydroxypropyl such as 2-hydroxypropyl or hydroxy- 
butyl such as 2-hydroxybutyl ethen the carboxyalkyl ethers, in particular carboxy-lower-alkyl 
ethers, especially carboxymethyl or carboxyethyl ether; derivatised carboxyalkyl ethers, in 
particular derivatised carboxy-lower-alkyl ether in which the derivatised carboxy is etherified 
'or amidated carboxy (primarily aminocarbonyl, mono- or di-lower-alkyl-aminocarbonyl, mor- 
pholino-, piperidino-, pyrrolidino- or piperazino-carbonyl, or alkyloxycarbonyl), in particular 
lower alkoxycarbonyi-lower-alkyl ether, for example methyloxycarbonylpropyl ether or 
ethyloxycarbonylpropyl ether the sulfoalkyl ethers, in particular sulfo-lower-alkyl ethers, 
especially sulfobutyl ethen cyclodextrins in which one or more OH groups are etherified with 
a radical of formula 

-0-[alk-0-]„-H 

wherein alk is alkyl, especially lower alkyl, and n is a whole number from 2 to 12, especially 
2 to 5, in particular 2 or 3; cyclodextrins in which one or more OH groups are etherified with 
a radical of formula 

FT 

I 0 

(Alk-O)- Alk ^ 

/ Y 

wherein R' is hydrogen, hydroxy, -0-(aik-0) z -H, -0-(alk(-R)-0-) p -H or 
-0-(alk(-R)-0-) q -alk-CO-Y; alk in all cases is alkyl, especially lower alkyl; m, n, p, q and z are 
a whole number from 1 to 12, preferably 1 to 5, in particular 1 to 3; and Y is ORi or NR 2 R 3 , 
wherein Ri,~fl2 and R 3 independently of one another, are hydrogen or lower alkyl, or R 2 and 
R 3 combined together with the linking nitrogen signify morphoiino, piperidino, pyrrolidino or 
piperazino; 

or branched cyclodextrins, in which etherifications or acetals with other sugar molecules are 
present, especially glucosyl-, diglucosyl- (G r p-cyclodextrin), maltosyl- or dimaltosyl- 
cyclodextrin, or N-acetylglucosaminyl- ( glucosaminyl-, N-acetylgalactosaminyl- or 
galactosaminyl-cyclodextrin. 
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Esters are primarily aikanoyl esters, in particular lower alkanoyl esters, such as acetyl 
esters of cyclodextrins. 

It is also possible to have cyclodextrins in which two or more different said ether and 
ester groups are present at the same time. 

Mixtures of two or more of the said cyclodextrins and/or cyclodextrin derivatives may 
also exist. 

Preference is given in particular to a-, (J- or y-cyclodextrins or the lower alkyl ethers 
thereof, such as methyl-p-cyciodextrin or in particular 2,6-di-O-methyl-0-cyclodextrin, or in 
particular the hydroxy lower alkyl ethers thereof, such as 2-hydroxypropyl-ot-, 2-hydroxy- 
propyl-(J- or 2-hydroxypropyl-Y-cyclodextrin. 

The cyclodextrins or cyclodextrin derivatives are added to the culture medium 
preferably in a concentration of 0.02 to 10, preferably 0.05 to 5, especially 0.1 to 4, for 
example 0.1 to 2 percent by weight (w/v). 

Cyclodextrins or cyclodextrin derivatives are known or may be produced by known 
processes (see for example US 3,459,731; US 4,383,992; US 4,535.152; US 4,659,696; EP 
0 094 157; EP 0 149 197; EP 0 197 571; EP 0 300 526; EP 0 320 032; EP 0 499 322; EP 0 
503 710; EP 0 818 469; WO 90/12035; WO 91/11200; WO 93/19061; WO 95/08993; WO 
96/14090; QB 2,189,245; DE 3,118,218; DE 3,317,064 and.the references mentioned the- 
rein, which also refer to the synthesis of cyclodextrins or cyclodextrin derivatives, or also: T. 
Loftsson and M.E. Brewster (1996): Pharmaceutical Applications of Cyclodextrins: Drug 
Solubilization and Stabilisation: Journal of Pharmaceutical Science 85 (10):1017-1025; R.A. 
Rajewski and VJ. Stella(1996): Pharmaceutical Applications of Cyclodextrins: In Vivo Drug 
Delivery: Journal of Pharmaceutical Science 85 (1 1): 1 142-1 169). 

All the cyclodextrin derivatives tested here are obtainable from the company Fluka, 
Buchs, CH. The tests are carried out in 200 ml agitating flasks with 50 ml culture volume. As 
controls, flasks with adsorber resin Amberlite XAD-16 (Rohm & Haas, Frankfurt, Germany) 
and without-any adsorber addition are used. After incubation for 5 days, the following 
epothilone titres can be determined by HPLC: 



Table 2: 



Addition 


order 
No. 


Cone 
["/ow/v] 1 


Ep A[mg/I] 


Ep B[mg/I] 


Amberlite XAD-16 (v/v) 




2.0 (%v/v) 


9.2 


3.B 
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Addition 


order 
No. 


Cone 

I'/oW/v] 1 


Epo A [mg/l] 


Epo B [mg/l] 


2-hydroxypropyl-P-cyclodextrin 


56332 


0.1 


2.7 


1.7 


2-hydroxypropyl-p-cyclodextrin 


u 


0.5 


4.7 


3.3 


2-hydroxypropyl-p-cyclodextrin 


u 


1.0 


4.7 


3.4 


2-hydroxypropyl-p-cyclodextrin 


u 


2.0 


4.7 


4.1 


2-hydroxypropyl-p-cyclodextrin 


u 


5.0 


1.7 


0.5 


2-hydroxypropyl- a-cyciodextrin 


56330 


0.5 


1.2 


1.2 


2-hydroxypropyl- a-cyclbdextrin 


(i 


1.0 


1.2 


1.2 


2-hydroxypropyl- a-cyclodextrin 


u 


5.0 


2.5 


2.3 


P-cyciodextrin 


28707 


0.1 


1.6 


1.3 


P-cyclodextrin 


u 


0.5 


3.6 


2.5 


P-cyclodextrin 


u 


1.0 


4.8 


3.7 


p-cyclodextrin 


u 


2.0 


4.8 


2.9 


P-cyclodextrin 


it 


5.0 


1.1 


0.4 


methyl-p-cyclodextrin 


66292 


0.5 


0.8 


<0.3 


methyl-p-cyclodextrin 


u 


1.0 


<0.3 


<0.3 


methyl-p-cyclodextrin 




2.0 


<0.3 


<0.3 


2,6 di-o-methyl-p-cyclodextrin 


39915 


1.0 


<0.3 


<0.3 


2-hydroxypropyl-y-cyclodextrin 


56334 


0.1 


0.3 


<0.3 


2-hydroxypropy(-y-cyclodextrin 


u 


0.5 


0.9 


0.8 


2-hydroxypropyl-y-cyciodextrin 


u 


1.0 


1.1 


0.7 


2-hydroxypropyi-Y-cyclodextrin 


u 


2.0 


2.6 


0.7 


2-hydroxypropyl-y-cyclodextrin 


a 


5.0 


5.0 


1.1 


no addition 






0.5 


0.5 



1 ) Apart from Amberlite (%v/v) ( ail percentages are by weight (%w/v). 

Few of the cyclodextrins tested (2,6-di-o-methyl-p-cyclodextrin, methyl-p-cyclodextrin) 
display no effect or a negative effect on epothilone production at the concentrations used. 
1 -2% 2-hydroxy-propyl-p-cyclodextrin and p-cyclodextrin increase epothilone production in 
the examples by 6 to 8 times compared with production using no cyclodextrins. 



WO 99/66028 



PCT/EP99/0417! 



-56- 



C: 10 litre fermentation with 1% 2-fhvdroxvproDvn-B-cvclodextrin): 

Fermentation is carried out in a 15 litre glass fermenter. The medium contains 10 g/l of 
2-<hydroxypropyl)-(J-cyclodextrin from Wacker Chemie, Munich, Germany. The progress of 
fermentation is illustrated in Table 3. Fermentation is ended after 6 days and working up 
takes place. 

Table 3 : Progress of a 10 litre fermentation 



duration of culture [d] 


Epothilone A [mg/l] 


Epothilone 6 [mg/l] 


0 


0 


0 


1 


0 


0 


2 


0.5 


0.3 


3 


1.8 


2.5 


4 


3.0 


5.1 


5 


3.7 


5.9 


6 


3.6 


5.7 



D: 100 litre fermentation with 1% 2-fhvdroxvpropylVB-cvclodextrin): 

Fermentation is carried out in a 150 litre fermenter. The medium contains 10 g/l of 2- 
(Hydroxypropyl)-p-cyclodextrin. The progress of fermentation is illustrated in Table 4. The 
fermentation is harvested after 7 days and worked up. 

Table 4: Progress of a 100 litre fermentation 



duration of 


Epothilone A 


Epothilone B 


culture [d] 


[mg/l] 


[mg/l] 


0 


0 


0 


1 


0 


0 


2 


0.3 


0 
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3 


0.9 


1.1 


4 


1.5 


2.3 


5 


1.6 


3.3 


6 


1.8 


3.7 


7 


1.8 


3.5 



E: 500 litre fermentation with 1% 2-(hvdroxvpropvn-B-cvclodextrin): 

Fermentation is carried out in a 750 litre fermenter. The medium contains 10 g/1 of 2- 
(Hydroxypropyl)-p-cyclodextrin. The progress of fermentation is illustrated in Table 5. The 
fermentation is harvested after 7 days and worked up. 

Table 5: Progress of a 500 litre fermentation 



duration of culture [d] 


Epothilone A 
[mg/l] 


Epothilone B [mg/l] 


0 


0 


0 


1 


0 


0 


2 


0 


0 


3 


0.6 


0.6 


4 


1.7 


2.2 


5 


3.1 


. 4.5 


6 


3.1 


5.1 



F: Comparison example 10 litre fermentation without adding an adsorber: 

Fermentation is carried out in a 15 litre glass fermenter. The medium does not contain 
any cyclodextrin or other adsorber. The progress of fermentation is illustrated in Table 6. 
The fermentation is not harvested and worked up. 

Table 6: Progress of a 10 litre fermentation without adsorber. 
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duration of culture [d] 


Epothilone A 
[mg/l] 


Epothilone B 

[mg/i) 


0 


0 


0 


I 


0 


0 


2 


0 


0 


3 


0 


0 


4 


0.7 


0.7 


5 


0.7 


1.0 


6 


0.8 


1.3 



G: Working up of the epothilones: Isolation from a 500 litre main culture: 

The volume of harvest from the 500 litre main culture of example 2D is 450 litres and 
is separated using a Westfalia clarifying separator Type SA-20-06 (rpm := 6500) into the 
liquid phase (centrifugate + rinsing water = 650 litres) and solid phase (cells = ca. 15 kg). 
The main part of the epothilones are found in the centrifugate, The centrifuged cell pulp 
contains < 15% of the determined epothilone portion and is not further processed. The 650 
litre centrifugate is then placed in a 4000 litre stirring vessel, mixed with 10 litres of 
Amberiite XAD-16 (centrifugate:resin volume = 65:1) and stirred. After a period of contact of 
ca. 2 hours, the resin is centrifuged away in a Heine overflow centrifuge (basket content 
40 litres; rpm = 2800). The resin is discharged from the centrifuge and washed with 
10-15 litres of deionised water. Desorption is effected by stirring the resin twice, each time 
in portions with 30 litres of isopropanol in 30 litre glass stirring vessels for 30 minutes. 
Separation of the isopropanol phase from the resin takes place using a suction filter. The 
isopropanoUs then removed from the combined isopropanol phases by adding 15-20 litres 
of water in a vacuum-operated circulating evaporator (Schmid-Verdampfer) and the 
resulting water phase of ca. 10 litres is extracted 3x each time with 10 litres of ethyl acetate. 
Extraction is effected in 30 litre glass stirring vessels. The ethyl acetate extract is 
concentrated to 3-5 litres in a vacuum-operated circulating evaporator (Schmid-Verdampfer) 
and afte wards concentrated to dryness in a rotary evaporator (Buchi type) under vacuum. 
The result is an ethyl acetate extract of 50.2 g. The ethyl acetate extract is dissolved in 
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500 ml of methanol, the insoluble portions filtered off using a folded filter, and the solution 
added to a 10 kg Sephadex LH 20 column (Pharmacia, Uppsala. Sweden) (column 
diameter 20 cm, filling level ca. 1 .2 m). Elution is effected with methanol as eluant. 
Epothilone A and B is present predominantly in fractions 21-23 (at a fraction size of 1 litre). 
These fractions are concentrated to dryness in a vacuum on a rotary evaporator (total 
weight 9.0 g). These Sephadex peak fractions (9.0 g) are thereafter dissolved in 92 ml of 
acetonitrile:-water>methylene chloride = 50:40:2, the solution filtered through a folded filter 
and added to a RP column (equipment Prepbar 200, Merck; 2. 0 kg LiChrospher RP-18 
Merck, grain size 12^m, column diameter 10 cm, filling level 42 cm; Merck, Darmstadt, 
Germany). Elution is effected with acetonitrile:water = 3:7 (flow rate = 500 ml/min.; retention 
time of epothilone A = ca. 51-59 mins.; retention time of epothilone B = ca. 60-69 mins.). 
Fractionation is monitored with a UV detector at 250 nm. The fractions are concentrated to 
dryness under vacuum on a Buchi-Rotavapor rotary evaporator. The weight of the 
epothilone A peak fraction is 700 mg, and according to HPLC (external standard) it has a 
content of 75.1%. That of the epothilone B peak fraction is 1980 mg, and the content 
according to HPLC (external standard) is 86.6%. Finally, the epothilone A fraction (700 mg) 
is crystallised from 5 ml of ethyl acetate:toluene = 2:3, and yields 170 mg of epothilone A 
pure crystallisate [content according to HLPC (% of area) = 94.3%]. Crystallisation of the 
epothilone B fraction (1980 mg) is effected from 18 ml of methanol and yields 1440 mg of 
epothilone B pure crystallisate [content according to HPLC (% of area) = 99.2%]. m.p. 
(Epothilone B): e.g. 124-125 °C; 'H-NMR data for Epothilone B: 
500 MHz-NMR, solvent: DMSO-d6. Chemical displacement 5 in ppm relative to TMS. s = 
singlet; d = doublet; m = multiplet 

5 (Multiplicity) Integral (number of H) 

7.34 (s) 1 

6.50 (s) 1 

5.28 (d) 1 

5.08 (d) 1 

4.46 (d) 1 

4.08 (m) 1 
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3.47 (m) 1 

3.11 (m) 1 

2.83 (dd) 1 

2.64 (s) 3 

2.36 (m) 2 

2.09 (s) 3 

2.04 (m) 1 

1.83 (m) 1 

1.61 (m) 1 

1.47-1.24 (m) 4 

1.18 (s) 6 

1.13 (m) 2 

1.06 (d) 3 

0.89 (d + s, overlapping) 6 



1 = 41 

Example 15: Medical Uses of Recombinant^ Produced Epothilones 

Pharmaceutical preparations or compositions comprising epothilones are used for 
example in the treatment of cancerous diseases, such as various human solid tumors. 
Such anticancer formulations comprise, for example, an active amount of an epothilone 
together with one or more organic or inorganic, liquid or solid, pharmaceutical^ suitable 
carrier materials. Such formulations are delivered, for example, enterally, nasally, rectally, 
orally, or parenterally, particularly intramuscularly or intravenously. The dosage of the 
active ingredient is dependent upon the weight, age, and physical and pharmacokinetical 
condition of the patient and is further dependent upon the method of delivery. Because 
epothilones mimic the biological effects of taxol, epothilones may be substituted for taxol in 
compositions and methods utilizing taxol in the treatment of cancer. See, for example, U.S. 
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Patent Nos. 5,496,804, 5,565,478, and 5,641,803, all of which are incorporated herein by 
reference. 

For example, for treatments, epothilone B is supplied in individual 2 ml glass vials 
formulated as 1 mg/1 ml of clear, colorless intravenous concentrate. The substance is 
formulated in polyethylene glycol 300 (PEG 300) and diluted with 50 or 100 ml 0.9% 
Sodium Chloride Injection, USP, to achieve the desired final concentration of the drug for 
infusion. It is administered as a single 30-minute intravenous infusion every 21 days 
(treatment three-weekly) for six cycles, or as a single 30-minute intravenous infusion every 
7 days (weekly treatment). 

Preferably, for weekly treatment, the dose is between about 0.1 and about 6, 
preferably about 0.1 and about 5 mg/m 2 , more preferably about 0.1 and about 3 mg/m 2 , 
even more preferably 0.1 and 1.7 mg/m 2 , most preferably about 0.3 and about 1 mg/m 2 ; for 
three-weekly treatment (treatment every three weeks or every third week) the dose is 
between about 0.3 and about 18 mg/m 2 , preferably about 0.3*and about 15 mg/m 2 , more 
preferably about 0.3 and about 12 mg/m 2 , even more preferably about 0.3 and about 7.5 
mg/m 2 , still more preferably about 0.3 and about 5 mg/m 2 , most preferably about 1.0 and 
about 3.0 mg/m 2 . This dose is preferably administered to the human by intravenous (i.v.) 
administration during 2 to 180 min, preferably 2 to 120 min, more preferably during about 5 
to about 30 min, most preferably during about 10 to about 30 min, e.g. during about 30 min. 

While the present invention has been described with reference to specific 
embodiments thereof, it will be appreciated that numerous variations, modifications, and 
embodiments are possible, and accordingly, all such variations, modifications and 
embodiments are to be regarded as being within the spirit and scope of the present 
invention. 
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BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF UICROORCANISKS 
FOR THE PURPOSE OP PATENT PROCEDURES 



INTERNATIONAL FORM 



TO 

Novartis AG 

Novartis Corporation 

Patent and Trademark Dept. 

3054 Cornwall!* Rd. 

Research Triangle Park, NC 27709 

MAKE AND ADDRESS 

OP DEPOSITOR 



RECEIPT IN THE CASE OP AN ORIGINAL DEPOSIT 
issued purouant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of thie page 



IDENTIFICATION OF THE MICROORGANISM 



Identification reference given by the 
DEPOSITORS 

Escherichia coli DH10B [pEPOlS] 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

NRRL B-30033 



II. SCIENTIFIC DESCRIPTION AND /OR PROPOSED TAXONOKIC DE3IONATION 



The mieroorganiem identified under I. above was accompanied byt 
f""1 a eo lent if ic description 

a propoeed taxonomic designation 
(Mark with a cross whore applicable) 



III. RECEIPT AND ACCEPTANCE 



Thie International Depositary Authority accept 8 the mieroorganiem identified under I. 
above, which was received by it on June 11, 1998 (date of the original deposit) 1 



IV. RECEIPT OF REQUEST FOR CONVERSION 



The microorganism identified under I. above was received by this International 
Depositary Authority on (date of the original deposit) and a request 

to convert the original deposit to a deposit under the Budapest Treaty was received by 
it on (date of receipt of request for conversion). 



INTERNATIONAL DEPOSITARY AUTHORITY 



Name: Agricultural Research Culture 
Collection (NRRL) 
International Depositary Authority 

Address t IBIS N~- University Street 
Peoria, Illinois 61604 U.S.A. 



Signature (s) of pereon(e) having the power 
to re pre a en t the International Depositary 
Authority or of authorised official (s): 



Date i 



Where Rule 6.4(d) applies, ouch date is the date on which the status of international 
depositary authority was acquired. 
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BUDAPEST TREATY OB THB XNTERK&flO&OiI* 
RECOGNITION OF TBS DEPOSIT OF MICROORGANISMS 
FOR THB PURPOSE OP PATENT PROCEDURES 

INTERNATIONAL FORM 



TO 

Novatia A3 

c/o Kovartis Agricultural Biotechnology 

Research, Inc. 
Patent & Trademark Department 
3054 Cornwallis Road 
Research Triangle park, NC 27709 
NAME AND ADDRESS 
OF DEPOSITOR 



RECEIPT IN TBB CASE OF AN ORIGINAL DEPOSIT 
issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 



I. IDENTIFICATION OF THB MICROORGANISM 



Identification reference given by the 
DEPOSITOR: 

Escherichia coli DH10B IpBP032] 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

NRKL B -30119 



II- SCIENTIFIC DESCRIPTION AND /OR PROPOSED TAXONOMIC DESIGNATION 



The 'microorganism identified under I. above was accompanied by: 
n a scientific description 

£3 a proposed taxonomic designation 

(Mark with a cross where applicable) 



III. RECEIPT AMD ACCEPTANCE 



This International Depositary Authority accepts the microorganism identified *wter I. 
above, which was received by it on April 16, 1399 {date of the original deposit) 1 



TV. RECEIPT OF REQUEST FOR CONVERSION 



the microorganism identified under I. above was received by this International 
Dep osita ry Authority on (date of the original deposit) and a request 

to convert the original deposit to a deposit under the Budapest Treaty was received by 
ift 00 (date of receipt of request for conversion) . 



INTERNATIONAL DEPOSITARY AUTHORITY 



t Agricultural Research Culture- 
Collection (NRRL) 
International Depositary Authority 

Mdress: 1815 H. University Street 

, Peoria, Illinois 61604 P.3.A. 



Signature (a) of person (s) having the power 
to represent the International Depositary 
Authority or of authorised official (s) ; 



Date: 



* Khar* Rule 6.4(d) applies, auch dace ia the data cm which the atatua of international 
depositary authority was acquired. 
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What is claimed is: 

1. An isolated nucleic acid molecule comprising a nucleotide sequence that 
encodes at least one polypeptide involved in the biosynthesis of epothilone. 

2. An isolated nucleic acid molecule according to claim 1 , wherein said nucleotide 
sequence is isolated from a myxobacterium. 

3. An isolated nucleic acid molecule according to claim 2, wherein said 
myxobacterium is Sorangium cellulosum. 

4. A chimeric gene comprising a heterologous promoter sequence operatively linked 
to a nucleic acid molecule according to claim 1 . 

5. A recombinant vector comprising a chimeric gene according to claim 4. 

6. A recombinant host cell comprising a chimeric gene according to claim 4. 

7. The recombinant host cell of claim 6 t which is a bacteria. 

8. The recombinant host cell of claim 7, which is an Actinomycete. 

9. The recombinant host cell of claim 8, which is Streptomyces. 

10. A Bac clone comprising a nucleic acid molecule according to claim 1 . 

1 1 . The Bac clone of claim 10, which is pEPOIS. 

12. An isolated nucleic acid molecule according to claim 1, wherein said polypeptide 
comprises an amino acid sequence substantially similar to an amino acid sequence 
selected from the group consisting of: SEQ ID NO:2 ( amino acids 1 1-437 of SEQ ID NO:2 f 
amino acids 543-864 of SEQ ID NO:2, amino acids 974-1273 of SEQ ID NO:2 f amino acids 
1314-1385 of SEQ ID NO:2, SEQ ID NO:3, amino acids 72-81 of SEQ ID NO:3, amino acids 
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1 18-125 of SEQ ID NO:3, amino acids 199-212 of SEQ ID NO:3, amino acids 353-363 of 
SEQ ID NO:3, amino acids 549-565 of SEQ ID NO;3 ( amino acids 588-603 of SEQ ID NO:3, 
amino acids 669-684 of SEQ ID NO:3, amino acids 815-821 of SEQ ID NO:3, amino acids 
868-892 of SEQ ID NO:3 ( amino acids 903-912 of SEQ ID NO:3, amino acids 918-940 of 
SEQ ID NO:3, amino acids 1268-1274 of SEQ ID NO:3, amino acids 1285-1297 of SEQ ID 
NO:3 ( amino acids 973-1256 of SEQ ID NO:3 f amino acids 1344-1351 of SEQ ID NO:3. 
SEQ ID NO:4, amino acids 7-432 of SEQ ID NO:4, amino acids 539-859 of SEQ ID NO:4, 
amino acids 869-1037 of SEQ ID NO:4, amino acids 1439-1684 of SEQ ID NO:4, amino 
acids 1722-1792 of SEQ ID NO:4, SEQ ID NO:5, amino acids 39-457 of SEQ ID NO:5, 
amino acids 563-884 of SEQ ID NO:5 ( amino acids 1147-1399 of SEQ ID NO:5. amino 
acids 1434-1506 of SEQ ID NO:5, amino acids 1524-1950 of SEQ ID NO:5, amino acids 
2056-2377 of SEQ ID NO:5, amino acids 2645-2895 of SEQ ID NO:5, amino acids 2932- 
3005 of SEQ ID NO:5, amino acids 3024-3449 of SEQ ID NO:5 t amino acids 3555-3876 of 
SEQ ID NO:5, amino acids 3886-4048 of SEQ ID NO:5, amino acids 4433-4719 of SEQ ID 
NO:5, amino acids 4729-4974 of SEQ ID NO:5 f amino acids 5010-5082 of SEQ ID NO:5, 
amino acids 5103-5525 of SEQ ID NO:5, amino acids 5631-5951 of SEQ ID NO:5, amino 
acids 5964-6132 of SEQ ID NO:5, amino acids 6542-6837 of SEQ ID NO:5, amino acids 
6857-7101 of SEQ ID NO:5 f amino acids 7140-721 1 of SEQ ID NO:5, SEQ ID NO:6 t amino 
acids 35-454 of SEQ ID NO:6, amino acids 561-881 of SEQ ID NO:6, amino acids 1 143- 
1393 of SEQ ID NO:6, amino acids 1430-1503 of SEQ ID NO:6, amino acids 1522-1946 of 
SEQ ID NO: 6, amino acids 2053-2373 of SEQ ID NO:6, amino acids 2383-2551 of SEQ ID 
NO:6, amino acids 2671-3045 of SEQ ID NO:6, amino acids 3392-3636 of SEQ ID NO:6, 
amino acids 3673-3745 of SEQ ID NO:6, SEQ ID NO:7. amino acids 32-450 of SEQ ID 
NO:7, amino acids 556-877 of SEQ ID NO:7, amino acids 887-1051 of SEQ ID NO:7, amino 
acids 1478-1790 of SEQ ID NO:7, amino acids 1810-2055 of SEQ ID NO:7 t amino acids 
2093-2164 of SEQ ID NO:7, amino acids 2165-2439 of SEQ ID NO:7, SEQ ID NO:8 ( SEQ 
ID NO:10, SEQ ID NO:11 ( and SEQ ID NO:22. 

13. An isolated nucleic acid molecule according to claim 12, wherein said 
polypeptide comprises an amino acid sequence selected from the group consisting of: SEQ 
ID NO:2, amino acids 1 1-437 of SEQ ID NO:2, amino acids 543-864 of SEQ ID NO:2, 
amino acids 974-1273 of SEQ ID NO:2, amino acids 1314-1385 of SEQ ID NO:2, SEQ ID 
NO:3, amino acids 72-81 of SEQ ID NO:3, amino acids 1 18-125 of SEQ ID NO:3, amino 
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acids 199-212 of SEQ ID NO:3, amino acids 353-363 of SEQ ID NO:3, amino acids 549- 
565 of SEQ ID NO:3, amino acids 588-603 of SEQ ID NO:3, amino acids 669-684 of SEQ 
ID NO:3, amino acids 815-821 of SEQ ID NO:3, amino acids 868-892 of SEQ ID NO:3, 
amino acids 903-912 of SEQ ID NO:3, amino acids 918-940 of SEQ ID NO:3, amino acids 
1268-1274 of SEQ ID NO:3, amino acids 1285-1297 of SEQ ID NO:3, amino acids 973- 
1256 of SEQ ID NO:3, amino acids 1344-1351 of SEQ ID NO:3, SEQ ID NO:4. amino acids 
7-432 of SEQ ID NO:4, amino acids 539-859 of SEQ ID NO:4, amino acids 869-1037 of 
SEQ ID NO:4, amino acids 1439-1684 of SEQ ID NO:4, amino acids 1722-1792 of SEQ ID 
NO:4, SEQ ID NO:5, amino acids 39-457 of SEQ ID NO:5, amino acids 563-884 of SEQ ID 
NO:5, amino acids 1 147-1399 of SEQ ID NO:5, amino acids 1434-1506 of SEQ ID NO:5, 
amino acids 1524-1950 of SEQ ID NO:5, amino acids 2056-2377 of SEQ ID NO:5, amino 
acids 2645-2895 of SEQ ID NO:5, amino acids 2932-3005 of SEQ ID NO:5, amino acids 
3024-3449 of SEQ ID NO:5 t amino acids 3555-3876 of SEQ ID NO:5, amino acids 3886- 
4048 of SEQ ID NO:5, amino acids 4433-4719 of SEQ ID NO:'5, amino acids 4729-4974 of 
SEQ ID NO:5, amino acids 5010-5082 of SEQ ID NO:5, amino acids 5103-5525 of SEQ ID 
NO:5 f amino acids 5631-5951 of SEQ ID NO:5, amino acids 5964-6132 of SEQ ID NO:5 t 
amino acids 6542-6837 of SEQ ID NO:5, amino acids 6857-7101 of SEQ ID NO:5, amino 
acids 7140-721 1 of SEQ ID NO:5, SEQ ID NO:6 f amino acids 35-454 of SEQ ID NO:6, 
amino acids 561-881 of SEQ ID NO:6, amino acids 1 143-1393 of SEQ ID NO:6, amino 
acids 1430-1503 of SEQ ID NO:6 t amino acids 1522-1946 of SEQ ID NO: 6, amino acids 
2053-2373 of SEQ ID NO:6, amino acids 2383-2551 of SEQ ID NO:6, amino acids 2671- 
3045 of SEQ ID NO:6 t amino acids 3392-3636 of SEQ ID NO:6, amino acids 3673-3745 of 
SEQ ID NO:6, SEQ ID NO:7, amino acids 32-450 of SEQ ID NO:7, amino acids 556-877 of 
SEQ ID NO:7, amino acids 887-1051 of SEQ ID NO:7, amino acids 1478-1790 of SEQ ID 
NO:7, amino acids 1810-2055 of SEQ ID NO:7, amino acids 2093-2164 of SEQ ID NO:7, 
amino acids 2165-2439 of SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:10 ( SEQ ID NO:11, 
and SEQ ID NO:22. 

14. An isolated nucleic acid molecule according to claim 12 f wherein said nucieotide 
sequence is substantially similar to a nucieotide sequence selected from the group 
consisting of: the complement of nucleotides 1900-3171 of SEQ ID NO:1, nucleotides 3415- 
5556 of SEQ ID NO:1 f nucleotides 7610-11875 of SEQ ID NO:1 f nucleotides 7643-8920 of 
SEQ ID NO:1, nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 10529-11428 of SEQ 



WO 99/66028 



- 67 - 



PCT/EP99/04171 



ID NO:1, nucleotides 11549-11764 of SEQ ID NO:1, nucleotides 11872-16104 of SEQ ID 
NO:1, nucleotides 12085-12114 of SEQ ID NO:1 , nucleotides 12223-12246 of SEQ ID 
NO:1, nucleotides 12466-12507 of SEQ ID NO:1, nucleotides 12928-12960 of SEQ ID 
NO:1, nucleotides 13516-13566 of SEQ ID NO:1, nucleotides 13633-13680 of SEQ ID 
NO:1, nucleotides 13876-13923 of SEQ ID NO:1, nucleotides 14313-14334 of SEQ ID 
NO:1 t nucleotides 14473-14547 of SEQ ID NO:1, nucleotides 14578-14607 of SEQ ID 
NO:1 ( nucleotides 14623-14692 of SEQ ID NO:1, nucleotides 15673-15693 of SEQ ID 
NO:1, nucleotides 15724-15762 of SEQ ID NO:1, nucleotides 14788-15639 of SEQ ID 
NO:1, nucleotides 15901-15924 of SEQ ID NO: 1, nucleotides 16251-21749 of SEQ ID 
NO:1, nucleotides 16269-17546 of SEQ ID NO:1 , nucleotides 17865-18827 of SEQ ID 
NO:1, nucleotides 18855-19361 of SEQ ID NO: 1, nucleotides 20565-21302 of SEQ ID 
NO:1 t nucleotides 21414-21626 of SEQ ID NO:1, nucleotides 21746-43519 of SEQ ID 
NO:1 t nucleotides 21860-23116 of SEQ ID NO:1 f nucleotides 23431-24397 of SEQ ID 
NO: 1, nucleotides 25184-25942 of SEQ ID NO:1, nucleotides 26045-26263 of SEQ ID 
NO:1, nucleotides 26318-27595 of SEQ ID NO:1, nucleotides 2791 1-28876 of SEQ ID 
NO:1 , nucleotides 29678-30429 of SEQ ID NO:1 , nucleotides 30539-30759 of SEQ ID 
NO:1 t nucleotides 30815-32092 of SEQ ID NO:1, nucleotides 32408-33373 of SEQ ID 
NO:1, nucleotides 33401-33889 of SEQ ID NO:1, nucleotides 35042-35902 of SEQ ID 
NO:1, nucleotides 35930-36667 of SEQ ID NO:1, nucleotides 36773-36991 of SEQ ID 
NO:1, nucleotides 37052-38320 of SEQ ID NO:1, nucleotides 38636-39598 of SEQ ID 
NO:1, nucleotides 39635-40141 of SEQ ID NO:1, nucleotides 41369-42256 of SEQ ID 
NO:1, nucleotides 42314-43048 of SEQ ID NO:1, nucleotides 43163-43378 of SEQ ID 
NO:1, nucleotides 43524-54920 of SEQ ID NO:1, nucleotides 43626-44885 of SEQ ID 
NO:1 t nucleotides 45204-46166 of SEQ ID NO:1, nucleotides 46950-47702 of SEQ ID 
NO:1 ( nucleotides 47811-48032 of SEQ ID NO:1, nucleotides 48087-49361 of SEQ ID 
NO:1 , nucleotides 49680-50642 of SEQ ID NO:1 , nucleotides 50670-51 176 of SEQ ID 
NO:1, nucleotides 51534-52657 of SEQ ID NO:1 t nucleotides 53697-54431 of SEQ ID 
NO:1, nucleotides 54540-54758 of SEQ ID NO:1, nucleotides 54935-62254 of SEQ ID 
NO:1, nucleotides 55028-56284 of SEQ ID NO:1, nucleotides 56600-57565 of SEQ ID 
NO:1, nucleotides 57593-58087 of SEQ ID NO:1, nucleotides 59366-60304 of SEQ ID 
NO: 1, nucleotides 60362-61099 of SEQ ID NO: 1, nucleotides 61211-61426 of SEQ ID 
NO:1 , nucleotides 61427-62254 of SEQ ID NO:1 , nucleotides 62369-63628 of SEQ ID 
NO:1, nucleotides 67334-68251 of SEQ ID NO:1, and nucleotides 1-68750 SEQ ID NO:1. 
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15. A nucleic acid molecule according to claim 12, wherein said nucleotide 
sequence is selected from the group consisting of: the complement of nucleotides 1900- 
3171 of SEQ ID NO:1, nucleotides 3415-5556 of SEQ ID NO:1 ( nucleotides 7610-11875 of 
SEQ ID NO:1 t nucleotides 7643-8920 of SEQ ID NO:1, nucleotides 9236-10201 of SEQ ID 



NO:1, nucleotides 10529-11428 of SEQ ID NO 
NO:1, nucleotides 11872-16104 of SEQ ID NO 
NO:1, nucleotides 12223-12246 of SEQ ID NO: 
NO:1 , nucleotides 12928-12960 of SEQ ID NO 
NO:1 t nucleotides 13633-13680 of SEQ ID NO 
•NO:1, nucleotides 14313-14334 of SEQ ID NO 
NO:1, nucleotides 14578-14607 of SEQ ID NO 
NO:1 , nucleotides 15673-15693 of SEQ ID NO 
NO:1 , nucleotides 14788-15639 of SEQ ID NO 
NO:1, nucleotides 16251-21749 of SEQ ID NO 
NO:1, nucleotides 17865-18827 of SEQ ID NO 
NO:1 , nucleotides 20565-21302 of SEQ ID NO 
NO:1, nucleotides 21746-43519 of SEQ ID NO 
NO:1, nucleotides 23431-24397 of SEQ ID NO 
NO:1 , nucleotides 26045-26263 of SEQ ID NO 
NO:1, nucleotides 27911-28876 of SEQ ID NO 
NO:1 , nucleotides 30539-30759 of SEQ ID NO 
NO:1, nucleotides 32408-33373 of SEQ ID NO 
NO:1, nucleotides 35042-35902 of SEQ ID NO 
NO:1 t nucleotides 36773-36991 of SEQ ID NO 
NO:1 t nucleotides 38636-39598 of SEQ ID NO: 
NO:1 f nucleotides 41369-42256 of SEQ ID NO 
NO:1, nucleotides 43163-43378 of SEQ ID NO 
NO:1. nucleotides 43626-44885 of SEQ ID NO 
NO:1, nucleotides 46950-47702 of SEQ ID NO 
NO:T. nucleotides 48087-49361 of SEQ ID NO 
NO:1, nucleotides 50670-51 176 of SEQ ID NO 
NO:1, nucleotides 53697-54431 of SEQ ID NO 



1 , nucleotides 1 1549-1 1764 of SEQ ID 
1, nucleotides 12085-12114 of SEQ ID 
1, nucleotides 12466-12507 of SEQ ID 
1, nucleotides 13516-13566 of SEQ ID 
1, nucleotides 13876-13923 of SEQ ID 
1, nucleotides 14473-14547 of SEQ ID 
1, nucleotides 14623-14692 of SEQ ID 
1 , nucleotides 15724-15762 of SEQ ID 
1 f nucleotides 15901-15924 of SEQ ID 
1, nucleotides 16269-17546 of SEQ ID 
1, nucleotides 18855-19361 of SEQ ID 
1, nucleotides 21414-21626 of SEQ ID 
1. nucleotides 21860-231 16 of SEQ ID 
1, nucleotides 25184-25942 of SEQ ID 
1, nucleotides 26318-27595 of SEQ ID 
1 , nucleotides 29678-30429 of SEQ ID 
1 , nucleotides 30815-32092 of SEQ ID 
1, nucleotides 33401-33889 of SEQ ID 
1, nucleotides 35930-36667 of SEQ ID 
1, nucleotides 37052-38320 of SEQ ID 
1, nucleotides 39635-40141 of SEQ ID 
1, nucleotides 42314-43048 of SEQ ID 
1, nucleotides 43524-54920 of SEQ ID 
1, nucleotides 45204-46166 of SEQ ID 
1 , nucleotides 4781 1-48032 of SEQ ID 
1, nucleotides 49680-50642 of SEQ ID 
1, nucleotides 51534-52657 of SEQ ID 
1 , nucleotides 54540-54758 of SEQ ID 
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NO:1, nucleotides 54935-62254 of SEQ ID NO:1, nucleotides 55028-56284 of SEQ ID 
NO:1, nucleotides 56600-57565 of SEQ ID NO:l, nucleotides 57593-58087 of SEQ ID 
NO:1, nucleotides 59366-60304 of SEQ ID NO:1, nucleotides 60362-61099 of SEQ ID 
NO:1, nucleotides 61211-61426 of SEQ ID NO:1, nucleotides 61427-62254 of SEQ ID 
NO:1, nucleotides 62369-63628 of SEQ ID NO:1, nucleotides 67334-68251 of SEQ ID 
NO:1, and nucleotides 1-68750 SEQ ID NO:1. 



16. A chimeric gene comprising a heterologous promoter sequence operatively 
linked to a nucleic acid molecule according to claim 12. 



17. A recombinant vector comprising a chimeric gene according to claim 16. 

18. A recombinant host cell comprising a chimeric gene according to claim 16. 

19. The recombinant host cell of claim 18, which is a bacteria. 

20. The recombinant host cell of claim 19, which is an Actinomycete. 

21 . The recombinant host cell of claim 20, which is Streptomyces. 



22. An isolated nucleic acid molecule according to claim 1 , wherein said nucleotide 
sequence comprises a consecutive 20 base pair nucleotide portion identical in sequence to 
a consecutive 20 base pair portion of a nucleotide sequence selected from the group 
consisting of: the complement of nucleotides 1900-3171 of SEQ ID NO: 1, nucleotides 3415- 
5556 of SEQ ID NO:1, nucleotides 7610-11875 of SEQ ID NO: 1, nucleotides 7643-8920 of 
SEQ ID NO:1, nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 10529-11428 of SEQ 
ID NO:1, nucleotides 11549-11764 of SEQ ID NO:1, nucleotides 11872-16104 of SEQ ID 
NO:1, nucleotides 12085-121 14 of SEQ ID NO:1 f nucleotides 12223-12246 of SEQ ID 
NO:1, nucleotides 12466-12507 of SEQ ID NO:1, nucleotides 12928-12960 of SEQ ID 
NO:1, nucleotides 13516-13566 of SEQ ID NO:1, nucleotides 13633-13680 of SEQ ID 
NO:1, nucleotides 13876-13923 of SEQ ID NO:1, nucleotides 14313-14334 of SEQ ID 
NO:1, nucleotides 14473-14547 of SEQ ID NO:1, nucleotides 14578-14607 of SEQ ID 
NO:1, nucleotides 14623-14692 of SEQ ID NO: 1, nucleotides 15673-15693 of SEQ ID 
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NO:1 f nucleotides 15724-15762 of SEQ ID NO:1 t nucleotides 14788-15639 of SEQ ID 
NO:1, nucleotides 15901-15924 of SEQ ID NO:1, nucleotides 16251-21749 of SEQ ID 
NO:1 ( nucleotides 16269-17546 of SEQ ID NO:1, nucleotides 17865-18827 of SEQ ID 
NO:1, nucleotides 18855-19361 of SEQ ID NO:1, nucleotides 20565-21302 of SEQ ID 
NO:1. nucleotides 21414-21626 of SEQ ID NO:1, nucleotides 21746-43519 of SEQ ID 
NO:1, nucleotides 21860-23116 of SEQ ID NO:1, nucleotides 23431-24397 of SEQ ID 
NO:1, nucleotides 25184-25942 of SEQ ID NO:1, nucleotides 26045-26263 of SEQ ID 
NO:1, nucleotides 26318-27595 of SEQ ID NO:1, nucleotides 27911-28876 of SEQ ID 
NO:1, nucleotides 29678-30429 of SEQ ID NO:1, nucleotides 30539-30759 of SEQ ID 
NO:1, nucleotides 30815-32092 of SEQ ID NO:1, nucleotides 32408-33373 of SEQ ID 
NO: 1, nucleotides 33401-33889 of SEQ ID NO:1, nucleotides 35042-35902 of SEQ ID 
NO: 1, nucleotides 35930-36667 of SEQ ID NO:1, nucleotides 36773-36991 of SEQ ID 
NO:1, nucleotides 37052-38320 of SEQ ID NO:1, nucleotides 38636-39598 of SEQ ID 
NO:1, nucleotides 39635-40141 of SEQ ID NO:1, nucleotides 41369-42256 of SEQ ID 
NO:1, nucleotides 42314-43048 of SEQ ID NO:1, nucleotides 43163-43378 of SEQ ID 
NO:1 , nucleotides 43524-54920 of SEQ ID NO:1, nucleotides 43626-44885 of SEQ ID 
NO:1, nucleotides 45204-46166 of SEQ ID NO:1 t nucleotides 46950-47702 of SEQ ID 
NO:1 , nucleotides 4781 1-48032 of SEQ ID NO:1 , nucleotides 48087-49361 of SEQ ID 
NO:1 , nucleotides 49680-50642 of SEQ ID NO:1 , nucleotides 50670-51 176 of SEQ ID 
NO:1, nucleotides 51534-52657 of SEQ ID NO:1, nucleotides 53697-54431 of SEQ ID 
NO:1, nucleotides 54540-54758 of SEQ ID NO:1, nucleotides 54935-62254 of SEQ ID 
NO:1, nucleotides 55028-56284 of SEQ ID NO:1 t nucleotides 56600-57565 of SEQ ID 
NO:1 t nucleotides 57593-58087 of SEQ ID NO:1 t nucleotides 59366-60304 of SEQ ID 
NO:1 ( nucleotides 60362-61099 of SEQ ID NO:1, nucleotides 61211-61426 of SEQ ID 
NO:1 , nucleotides 61427-62254 of SEQ ID NO:1 , nucleotides 62369-63628 of SEQ ID 
NO:1, nucleotides 67334-68251 of SEQ ID NO:1, and nucleotides 1-68750 SEQ ID NO:1. 

23. A chimeric gene comprising a heterologous promoter sequence operatively 
linked to a nucleic acid molecule according to claim 22. 

24. A recombinant vector comprising a chimeric gene according to claim 23. 



25. A recombinant host cell comprising a chimeric gene according to claim 23. 
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26. The recombinant host cell of claim 25, which is a bacteria. 

27. The recombinant host cell of claim 26, which is an Actinomycete. 

28. The recombinant host cell of claim 27, which is Streptomyces. 

29. Ah isolated nucleic acid molecule comprising a nucleotide sequence that 
encodes at least one epothilone synthase domain. 

30. An isolated nucleic acid molecule according to claim 29 f wherein said epothilone 
synthase domain is a (3-ketoacyl-synthase domain comprising an amino acid sequence 
substantially similar to an amino acid sequence selected from the group consisting of: 
amino acids 1 1-437 of SEQ ID NO:2 f amino acids 7-432 of SEQ ID NO:4, amino acids 39- 
457 of SEQ ID NO:5, amino acids 1524-1950 of SEQ ID NO:5 t amino acids 3024-3449 of 
SEQ ID NO:5, amino acids 5103-5525 of SEQ ID NO:5, amino acids 35-454 of SEQ ID 
NO:6, amino acids 1522-1946 of SEQ ID NO: 6, and amino acids 32-450 of SEQ ID NO:7. 

31. An isolated nucleic acid molecule according to claim 30, wherein said (i- 
ketoacyl-synthase domain comprises an amino acid sequence selected from the group 
consisting of: amino acids 1 1-437 of SEQ ID NO:2, amino acids 7-432 of SEQ ID NO:4, 
amino acids 39-457 of SEQ ID NO:5, amino acids 1524-1950 of SEQ ID NO:5, amino acids 
3024-3449 of SEQ ID NO:5, amino acids 5103-5525 of SEQ ID NO:5, amino acids 35-454 
of SEQ ID NO:6, amino acids 1522-1946 of SEQ ID NO: 6, and amino acids 32-450 of SEQ 
ID NO:7. 

32. An isolated nucleic acid molecule according to claim 30, wherein said nucleotide 
sequence is substantially similar to a nucleotide sequence selected from the group 
consisting of: nucleotides 7643-8920 of SEQ ID NO:1, nucleotides 16269-17546 of SEQ ID 
NO:1, nucleotides 21860-231 16 of SEQ ID NO:1, nucleotides 26318-27595 of SEQ ID 
NO:1, nucleotides 30815-32092 of SEQ ID NO:1. nucleotides 37052-38320 of SEQ ID 
NO:1, nucleotides 43626-44885 of SEQ ID NO:1, nucleotides 48087-49361 of SEQ ID 
NO:1, and nucleotides 55028-56284 of SEQ ID NO:1. 
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33. An isolated nucleic acid molecule according to claim 30, wherein said nucleotide 
sequence comprises a consecutive 20 base pair nucleotide portion identical in sequence to 
a consecutive 20 base pair portion of a nucleotide sequence selected from the group 
consisting of: nucleotides 7643-8920 of SEQ ID NO:1, nucleotides 16269-17546 of SEQ ID 
NO:1, nucleotides 21860-23116 of SEQ ID NO:1, nucleotides 26318-27595 of SEQ ID 
NO:1, nucleotides 30815-32092 of SEQ ID NO:1, nucleotides 37052-38320 of SEQ ID 
NO:1, nucleotides 43626-44885 of SEQ ID NO:1, nucleotides 48087-49361 of SEQ ID 
NO:1, and nucleotides 55028-56284 of SEQ ID NO:1 . 

34. An isolated nucleic acid molecule according to claim 30, wherein said nucleotide 
sequence is selected from the group consisting of: nucleotides 7643-8920 of SEQ ID NO:1, 
nucleotides 16269-17546 of SEQ ID NO:1, nucleotides 21860-231 16 of SEQ ID NO:1 ( 
nucleotides 26318-27595 of SEQ ID NO:1, nucleotides 30815-32092 of SEQ ID NO:1, 
nucleotides 37052-38320 of SEQ ID NO:1, nucleotides 43626-44885 of SEQ ID NO:1, 
nucleotides 48087-49361 of SEQ ID NO:1, and nucleotides 55028-56284 of SEQ ID NO:1. 

35. An isolated nucleic acid molecule according to claim 29, wherein said epothiione 
synthase domain is a an acyltransferase domain comprising an amino acid sequence 
substantially similar to an amino acid sequence selected from the group consisting of: 
amino acids 543-864 of SEQ ID NO:2, amino acids 539-859 of SEQ ID NO:4, amino acids 
563-884 of SEQ ID NO:5, amino acids 2056-2377 of SEQ ID NO:5, amino acids 3555-3876 
of SEQ ID NO:5, amino acids 5631-5951 of SEQ ID NO:5, amino acids 561-881 of SEQ ID 
NO:6, amino acids 2053-2373 of SEQ ID NO:6, and amino acids 556-877 of SEQ ID NO:7. 

36. An isolated nucleic acid molecule according to claim 35, wherein said 
acyltransferase domain comprises an amino acid sequence selected from the group 
consisting of: amino acids 543-864 of SEQ ID NO:2, amino acids 539-859 of SEQ ID NO:4, 
amino acids 563-884 of SEQ ID NO:5, amino acids 2056-2377 of SEQ ID NO:5, amino 
acids 3555-3876 of SEQ ID NO:5 f amino acids 5631-5951 of SEQ ID NO:5, amino acids 
561-881 of SEQ ID NO:6, amino acids 2053-2373 of SEQ ID NO:6, and amino acids 556- 
877 of SEQ ID NO:7. 
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37. An isolated nucleic acid molecule according to claim 35, wherein said nucleotide 
sequence is substantially similar to a nucleotide sequence selected from the group 
consisting of: nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 17865-18827 of SEQ 
ID NO:1 , nucleotides 23431-24397 of SEQ ID NO:1 , nucleotides 2791 1-28876 of SEQ ID 
NO:1 , nucleotides 32408-33373 of SEQ ID NO:1 , nucleotides 38636-39598 of SEQ ID 
NO:1 , nucleotides 45204-46166 of SEQ ID NO:1 , nucleotides 49680-50642 of SEQ ID 
NO:1 , and nucleotides 56600-57565 of SEQ ID NO:1. 

38. An isolated nucleic acid molecule according to claim 35, wherein said nucleotide 
sequence comprises a consecutive 20 base pair nucleotide portion identical in sequence to 
*a consecutive 20 base pair portion of a nucleotide sequence selected from the group 
consisting of: nucleotides 9236-10201 of SEQ ID NO:1 ( nucleotides 17865-18827 of SEQ 
ID NO:1, nucleotides 23431-24397 of SEQ ID NO:1, nucleotides 27911-28876 of SEQ ID 
NO:1, nucleotides 32408-33373 of SEQ ID NO:1, nucleotides 38636-39598 of SEQ ID 
NO:1, nucleotides 45204-46166 of SEQ ID NO:1, nucleotides 49680-50642 of SEQ ID 
NO:1, and nucleotides 56600-57565 of SEQ ID NO:1. 

39. An isolated nucleic acid molecule according to claim 35, wherein said nucleotide 
sequence is selected from the group consisting of: nucleotides 9236-10201 of SEQ ID 
NO;1, nucleotides 17865-18827 of SEQ ID NO:1 t nucleotides 23431-24397 of SEQ ID 
NO:1 , nucleotides 2791 1-28876 of SEQ ID NO:1 , nucleotides 32408-33373 of SEQ ID 
NO:1 f nucleotides 38636-39598 of SEQ ID NO:1, nucleotides 45204-46166 of SEQ ID 
NO:1, nucleotides 49680-50642 of SEQ ID NO:1, and nucleotides 56600-57565 of SEQ ID 
NO:1. 

40. An isolated nucleic acid molecule according to claim 29, wherein said epothilone 
synthase domain is an enoyl reductase domain comprising an amino acid sequence 
substantially similar to an amino acid sequence selected from the group consisting of: 
amino acids 974-1273 of SEQ ID NO:2, amino acids 4433-4719 of SEQ ID NO:5, amino 
acids 6542-6837 of SEQ ID NO:5, and amino acids 1478-1790 of SEQ ID NO:7. 

41. An isolated nucleic acid molecule according to claim 40, wherein said enoyl 
reductase domain comprises an amino acid sequence selected from the group consisting 
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of: amino acids 974-1273 of SEQ ID NO:2, amino acids 4433-4719 of SEQ ID NO:5, amino 
acids 6542-6837 of SEQ ID NO:5, and amino acids 1478-1790 of SEQ ID NO:7. 

42. An isolated nucleic acid molecule according to claim 40, wherein said nucleotide 
sequence is substantially similar to a nucleotide sequence selected from the group 
consisting of: nucleotides 10529-11428 of SEQ ID NO:1 ( nucleotides 35042-35902 of SEQ 
ID NO:1, nucleotides 41369-42256 of SEQ ID NO:1, and nucleotides 59366-60304 of SEQ 
ID NO:1. 

43. An isolated nucleic acid molecule according to claim 40, wherein said nucleotide 
sequence comprises a consecutive 20 base pair nucleotide portion identical in sequence to 
a consecutive 20 base pair portion of a nucleotide sequence selected from the group 
consisting of: nucleotides 10529-1 1428 of SEQ ID NO:1 , nucleotides 35042-35902 of SEQ 
ID NO:1, nucleotides 41369-42256 of SEQ ID NO:1, and nucleotides 59366-60304 of SEQ 
IDNO:1. 

44. An isolated nucleic acid molecule according to claim 40, wherein said nucleotide 
sequence is selected from the group consisting of: nucleotides 10529-1 1428 of SEQ ID 
NO:1, nucleotides 35042-35902 of SEQ ID NO:1, nucleotides 41369-42256 of SEQ ID 
NO:1, and nucleotides 59366-60304 of SEQ ID NO:1. 

45. An isolated nucleic acid molecule according to claim 29, wherein said epothilone 
synthase domain is an acyl carrier protein domain comprising an amino acid sequence 
substantially similar to an amino acid sequence selected from the group consisting of: 
amino acids 1314-1385 of SEQ ID NO:2, amino acids 1722-1792 of SEQ ID NO:4, amino 
acids 1434-1506 of SEQ ID NO:5, amino acids 2932-3005 of SEQ ID NO:5, amino acids 
5010-5082 of SEQ ID NO:5, amino acids 7140-7211 of SEQ ID NO:5, amino acids 1430- 
1503 of SEQ ID NO:6 f amino acids 3673-3745 of SEQ ID NO:6, and amino acids 2093- 
2164 of SEQ ID NO:7. 

46. An isolated nucleic acid molecule according to claim 45, wherein said acyl 
carrier protein domain comprises an amino acid sequence selected from the group 
consisting of: amino acids 1314-1385 of SEQ ID NO:2, amino acids 1722-1792 of SEQ ID 
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NO:4, amino acids 1434-1506 of SEQ ID NO:5 f amino acids 2932-3005 of SEQ ID NO:5. 
amino acids 5010-5082 of SEQ ID NO:5 t amino acids 7140-721 1 of SEQ ID NO:5, amino 
acids 1430-1503 of SEQ ID NO:6, amino acids 3673-3745 of SEQ ID NO:6, and amino 
acids 2093-2164 of SEQ ID NO:7. 

47. An isolated. nucleic acid molecule according to claim 45, wherein said nucleotide 
sequence is substantially similar to a nucleotide sequence selected from the group 
consisting of: nucleotides 11549-11764 of SEQ ID NO:1 , nucleotides 21414-21626 of SEQ 
ID NO:1, nucleotides 26045-26263 of SEQ ID NO:1, nucleotides 30539-30759 of SEQ ID 
NO:1, nucleotides 36773-36991 of SEQ ID NO:1 t nucleotides 43163-43378 of SEQ ID 
NO:1, nucleotides 47811-48032 of SEQ ID NO:1, nucleotides 54540-54758 of SEQ ID 
NO:1, and nucleotides 61211-61426 of SEQ ID NO:1. 

48. An isolated nucleic acid molecule according to claim 45, wherein said nucleotide 
sequence comprises a consecutive 20 base pair nucleotide portion identical in sequence to 
a consecutive 20 base pair portion of a nucleotide sequence selected from the group 
consisting of: nucleotides 11549-11764 of SEQ ID NO:1, nucleotides 21414-21626 of SEQ 
ID NO:1, nucleotides 26045-26263 of SEQ ID NO:1, nucleotides 30539-30759 of SEQ ID 
NO:1, nucleotides 36773-36991 of SEQ ID NO:1, nucleotides 43163-43378 of SEQ ID 
NO:1, nucleotides 4781 1-48032 of SEQ ID NO:1 ( nucleotides 54540-54758 of SEQ ID 
NO:1, and nucleotides 61211-61426 of SEQ ID NO:1. 

49. An isolated nucleic acid molecule according to claim 45, wherein said nucleotide 
sequence is selected from the group consisting of: nucleotides 1 1549-1 1764 of SEQ ID 
NO:1, nucleotides 21414-21626 of SEQ ID NO:1, nucleotides 26045-26263 of SEQ ID 
NO:1, nucleotides 30539-30759 of SEQ ID NO:1, nucleotides 36773-36991 of SEQ ID 
NO;1, nucleotides 43163-43378 of SEQ ID NO:1, nucleotides 47811-48032 of SEQ ID 
NO:1, nucleotides 54540-54758 of SEQ ID NO:1, and nucleotides 61211-61426 of SEQ ID 
NO:1. 

50. An isolated nucleic acid molecule according to claim 29, wherein said epothilone 
synthase domain is a dehydratase domain comprising an amino acid sequence 
substantially similar to an amino acid sequence selected from the group consisting of: 
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amino acids 869-1037 of SEQ ID NO:4, amino acids 3886-4048 of SEQ ID NO:5, amino 
acids 5964-6132 of SEQ ID NO:5, amino acids 2383-2551 of SEQ ID NO:6, and amino 
acids 887-1051 of SEQ ID NO:7. 

51. An isolated nucleic acid molecule according to claim 50 t wherein said 
dehydratase domain comprises an amino acid sequence selected from the group consisting 
of: amino acids 869-1037 of SEQ ID NO:4, amino acids 3886-4048 of SEQ ID NO:5, amino 
acids 5964-6132 of SEQ ID NO:5, amino acids 2383-2551 of SEQ ID NO:6, and amino 
acids 887-1051 of SEQ ID NO:7. 

52. An isolated nucleic acid molecule according to claim 50, wherein said nucleotide 
sequence is substantially similar to a nucleotide sequence selected from the group 
consisting of: nucleotides 18855-19361 of SEQ ID NO:1, nucleotides 33401-33889 of SEQ 
ID NO:1, nucleotides 39635-40141 of SEQ ID NO:1, nucleotides 50670-51 176 of SEQ ID 
NO:1 t and nucleotides 57593-58087 of SEQ ID NO:1. 

53. An isolated nucleic acid molecule according to claim 50, wherein said nucleotide 
sequence comprises a consecutive 20 base pair nucleotide portion identical in sequence to 
a consecutive 20 base pair portion of a nucleotide sequence selected from the group 
consisting of: nucleotides 18855-19361 of SEQ ID NO:t, nucleotides 33401-33889 of SEQ 
ID NO:1. nucleotides 39635-40141 of SEQ ID NO:1 , nucleotides 50670-51176 of SEQ ID 
NO:1 , and nucleotides 57593-58087 of SEQ ID NO:1 . 

54. An isolated nucleic acid molecule according to claim 50, wherein said nucleotide 
sequence is selected from the group consisting of: nucleotides 18855-19361 of SEQ ID 
NO:1 t nucleotides 33401-33889 of SEQ ID NO:1. nucleotides 39635-40141 of SEQ ID 
NO:1, nucleotides 50670-51176 of SEQ ID NO:1 t and nucleotides 57593-58087 of SEQ ID 
NO:1. 

55. An isolated nucleic acid molecule according to claim 29, wherein said epothilone 
synthase domain is a (3-ketoreductase domain comprising an amino acid sequence 
substantially similar to an amino acid sequence selected from the group consisting of: 
amino acids 1439-1684 of SEQ ID NO:4 f amino acids 1 147-1399 of SEQ ID NO:5 f amino 
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acids 2645-2895 of SEQ ID NO:5, amino acids 4729-4974 of SEQ ID NO:5, amino acids 
6857-7101 of SEQ ID NO:5, amino acids 1143-1393 of SEQ ID NO:6, amino acids 3392- 
3636 of SEQ ID NO:6, and amino acids 1810-2055 of SEQ ID NO:7. 

56. An isolated nucleic acid molecule according to claim 55, wherein said (3- 
ketoreductase domain comprises an amino acid sequence selected from the group 
consisting of: amino acids 1439-1684 of SEQ ID NO:4 t amino acids 1147-1399 of SEQ ID 
NO:5, amino acids 2645-2895 of SEQ ID NO:5 f amino acids 4729-4974 of SEQ ID NO:5, 
amino acids 6857-7101 of SEQ ID NO:5, amino acids 1143-1393 of SEQ ID NO:6 t amino 
acids 3392-3636 of SEQ ID NO:6;and amino acids 1810-2055 of SEQ ID NO:7. 

57. An isolated nucleic acid molecule according to claim 55, wherein said nucleotide 
sequence is substantially similar to a nucleotide sequence selected from the group 
consisting of: nucleotides 20565-21302 of SEQ ID NO:1, nucleotides 25184-25942 of SEQ 
ID NO:1 t nucleotides 29678-30429 of SEQ ID NO:1, nucleotides 35930-36667 of SEQ ID 
NO:1, nucleotides 42314-43048 of SEQ ID NO:1 t nucleotides 46950-47702 of SEQ ID 
NO:1, nucleotides 53697-54431 of SEQ ID NO:1 t and nucleotides 60362-61099 of SEQ ID 
NO:1. 

58. An isolated nucleic acid molecule according to claim 55, wherein said nucleotide 
sequence comprises a consecutive 20 base pair nucleotide portion identical in sequence to 
a consecutive 20 base pair portion of a nucleotide sequence selected from the group 
consisting of: nucleotides 20565-21302 of SEQ ID NO: 1, nucleotides 25184-25942 of SEQ 
ID NO:1 , nucleotides 29678-30429 of SEQ ID NO:1 , nucleotides 35930-36667 of SEQ ID 
NO:1 ( nucleotides 42314-43048 of SEQ ID NO:1, nucleotides 46950-47702 of SEQ ID 
NO:1, nucleotides 53697-54431 of SEQ ID NO:1, and nucleotides 60362-61099 of SEQ ID 
NO:1. 

59. An isolated nucleic acid molecule according to claim 55, wherein said nucleotide 
sequence is selected from the group consisting of: nucleotides 20565-21302 of SEQ ID 
NO:1 , nucleotides 251 84-25942 of SEQ ID NO:1 , nucleotides 29678-30429 of SEQ ID 
NO:1, nucleotides 35930-36667 of SEQ ID NO:1 ( nucleotides 42314-43048 of SEQ ID 
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NO:1, nucleotides 46950-47702 of SEQ ID NO:1, nucleotides 53697-54431 of SEQ ID 
NO:1. and nucleotides 60362-61099 of SEQ ID NO:1. 

60. An isolated nucleic acid molecule according to claim 29, wherein said epothilone 
synthase domain is a methyltransferase domain comprising an amino acid sequence 
substantially similar to amino acids 2671-3045 of SEQ ID NO:6. 

61. An isolated nucleic acid molecule according to claim 60. wherein said 
methyltransferase domain comprises amino acids 2671-3045 of SEQ ID NO:6. 

62. An isolated nucleic acid molecule according to claim 60 t wherein said nucleotide 
sequence is substantially similar to nucleotides 51534-52657 of SEQ ID NO:1 . 

63. An isolated nucleic acid molecule according to claim 60, wherein said nucleotide 
sequence comprises a consecutive 20 base pair nucleotide portion identical in sequence to 
a consecutive 20 base pair portion of nucleotides 51534-52657 of SEQ ID NO:1 . 

64. An isolated nucleic acid molecule according to claim 60, wherein said nucleotide 
sequence is nucleotides 51534-52657 of SEQ ID NO:1. 

65. An isolated nucleic acid molecule according to claim 29, wherein said epothilone 
synthase domain is a thioesterase domain comprising an amino acid sequence substantially 
similar to amino acids 2165-2439 of SEQ ID NO:7. 

66. An isolated nucleic acid molecule according to claim 65, wherein said 
thioesterase domain comprises amino acids 2165-2439 of SEQ ID NO:7. 

67. An isolated nucleic acid molecule according to claim 65, wherein said nucleotide 
sequence is substantially similar to nucleotides 61427-62254 of SEQ ID NO:1 . 

* 68. An isolated nucleic acid molecule according to claim 65, wherein said nucleotide 
sequence comprises a consecutive 20 base pair nucleotide portion identical in sequence to 
a consecutive 20 base pair portion of nucleotides 61427-62254 of SEQ ID NO:1. 
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69. An isolated nucleic acid molecule according to claim 65, wherein said nucleotide 
sequence is nucleotides 61427-62254 of SEQ ID NO:1. 

70. An isolated nucleic acid molecule comprising a nucleotide sequence that 
encodes a non-ribosomal peptide synthetase, wherein said non-ribosomal peptide 
synthetase comprises an amino acid sequence substantially similar to an amino acid 
sequence selected from the group consisting of: SEQ ID NO:3, amino acids 72-81 of SEQ 
ID NO:3 t amino acids 118-125 of SEQ ID NO:3 ( amino acids 199-212 of SEQ ID NO:3, 
amino acids 353-363 of SEQ ID NO:3 f amino acids 549-565 of SEQ ID NO:3, amino acids 
588-603 of SEQ ID NO:3, amino acids 669-684 of SEQ ID NO:3, amino acids 815-821 of 
SEQ ID NO:3, amino acids 868-892 of SEQ ID NO:3, amino acids 903-912 of SEQ ID NO:3, 
amino acids 918-940 of SEQ ID NO:3 ? amino acids 1268-1274 of SEQ ID NO:3, amino 
acids 1285-1297 of SEQ ID NO:3, amino acids 973-1256 of SEQ ID NO:3, and amino acids 
1344-1351 of SEQIDNO:3. 

71. An isolated nucleic acid molecule according to claim 70, wherein said non- 
ribosomal peptide synthetase comprises an amino acid sequence selected from the group 
consisting of: SEQ ID NO:3, amino acids 72-81 of SEQ ID NO:3, amino acids 118-125 of 
SEQ ID NO:3 ( amino acids 199-212 of SEQ ID NO:3, amino acids 353-363 of SEQ ID NO:3, 
amino acids 549-565 of SEQ ID NO:3, amino acids 588-603 of SEQ ID NO:3, amino acids 
669-684 of SEQ ID NO:3, amino acids 815-821 of SEQ ID NO:3, amino acids 868-892 of 
SEQ ID NO:3, amino acids 903-912 of SEQ ID NO:3 t amino acids 918-940 of SEQ ID NO:3, 
amino acids 1268-1274 of SEQ ID NO:3, amino acids 1285-1297 of SEQ ID NO:3, amino 
acids 973-1256 of SEQ ID NO:3, and amino acids 1344-1351 of SEQ ID NO:3. 

72. An isolated nucleic acid molecule according to claim 70 t wherein said nucleotide 
sequence is substantially similar to a nucleotide sequence selected from the group 
consisting of: nucleotides 11872-16104 of SEQ ID NO:1, nucleotides 12085-12114 of SEQ 
ID NO:1 ( nucleotides 12223-12246 of SEQ ID NO:1 ( nucleotides 12466-12507 of SEQ ID 
NO:1, nucleotides 12928-12960 of SEQ ID NO:1, nucleotides 13516-13566 of SEQ ID 
NO:1, nucleotides 13633-13680 of SEQ ID NO:1, nucleotides 13876-13923 of SEQ ID 
NO:1 f nucleotides 14313-14334 of SEQ ID NO:1 ( nucleotides 14473-14547 of SEQ ID 
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NO:1, nucleotides 14578-14607 of SEQ ID NO:1, nucleotides 14623-14692 of SEQ ID 
NO:1, nucleotides 15673-15693 of SEQ ID NO:1, nucleotides 15724-15762 of SEQ ID 
NO:1, nucleotides 14788-15639 of SEQ ID NO:1 t and nucleotides 15901-15924 of SEQ ID 
NO:1. 

73. An isolated nucleic acid molecule according to claim 70, wherein said nucleotide 
sequence comprises a consecutive 20 base pair nucleotide portion identical in sequence to 
a consecutive 20 base pair portion of a nucleotide sequence selected from the group 
consisting of: nucleotides 1 1872-16104 of SEQ ID NO:1 , nucleotides 12085-121 14 of SEQ 
ID NO:1, nucleotides 12223-12246 of SEQ ID NO:1, nucleotides 12466-12507 of SEQ ID 
NO:1, nucleotides 12928-12960 of SEQ ID NO:1 t nucleotides 13516-13566 of SEQ ID 
NO:1, nucleotides 13633-13680 of SEQ ID NO: 1, nucleotides 13876-13923 of SEQ ID 
NO:1, nucleotides 14313-14334 of SEQ ID NO:1, nucleotides 14473-14547 of SEQ ID 
NO:1, nucleotides 14578-14607 of SEQ ID NO:1 f nucleotides 14623-14692 of SEQ ID 
NO:1, nucleotides 15673-15693 of SEQ ID NO:1, nucleotides 15724-15762 of SEQ ID 
NO:1, nucleotides 14788-15639 of SEQ ID NO:1, and nucleotides 15901-15924 of SEQ ID 
NO:1. 

74. An isolated nucleic acid molecule according to claim 70, wherein said nucleotide 
sequence is selected from the group consisting of: nucleotides 11872-16104 of SEQ ID 
NO:1, nucleotides 12085-121 14 of SEQ ID NO:1, nucleotides 12223-12246 of SEQ ID 
NO:1 ( nucleotides 12466-12507 of SEQ ID NO:1, nucleotides 12928-12960 of SEQ ID 
NO:1, nucleotides 13516-13566 of SEQ ID NO:1. nucleotides 13633-13680 of SEQ ID 
NO:1 t nucleotides 13876-13923 of SEQ ID NO:1, nucleotides 14313-14334 of SEQ ID 
NO:1, nucleotides 14473-14547 of SEQ ID NO:1, nucleotides 14578-14607 of SEQ ID 
NO:1 f nucleotides 14623-14692 of SEQ ID NO:1, nucleotides 15673-15693 of SEQ ID 
NO:1, nucleotides 15724-15762 of SEQ ID NO:1 , nucleotides 14788-15639 of SEQ ID 
NO:1, and nucleotides 15901-15924 of SEQ ID NO:1. 

75. A method for heterologous expression of epothilone in a recombinant host, 
comprising: 

(a) introducing a chimeric gene according to claim 4 into a host; and 

(b) growing the host in conditions that allow biosynthesis of epothilone in the host. 
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76. A method for producing epothilone, comprising: 

(a) expressing epothilone in a recombinant host by the method of claim 75; and 

(b) extracting epothilone from the recombinant host. 

77. An isolated polypeptide comprising an amino acid sequence that consists of an 
epothilone synthase domain. 

78. An isolated polypeptide according to claim 77, wherein said epothilone synthase 
domain is a (3-ketoacyl-synthase domain comprising an amino acid sequence substantially 
similar to an amino acid sequence selected from the group consisting of: amino acids 11- 
437 of SEQ ID NO:2, amino acids 7-432 of SEQ ID NO:4, amino acids 39-457 of SEQ ID 
NO:5 ( amino acids 1524-1950 of SEQ ID NO:5, amino acids 3024-3449 of SEQ ID NO:5, 
amino acids 5103-5525 of SEQ ID NO:5 t amino acids 35-454 of SEQ ID NO;6, amino acids 
1522-1946 of SEQ ID NO: 6 t and amino acids 32-450 of SEQ ID NO:7. 

79. An isolated polypeptide according to claim .78, wherein said (J-ketoacyl-synthase 
domain comprises an amino acid sequence selected from the group consisting of: amino 
acids 1 1-437 of SEQ ID NO:2, amino acids 7-432 of SEQ ID NO:4, amino acids 39-457 of 
SEQ ID NO:5, amino acids 1524-1950 of SEQ ID NO:5 ( amino acids 3024-3449 of SEQ ID 
NO:5, amino acids 5103-5525 of SEQ ID NO:5, amino acids 35-454 of SEQ ID NO:6, amino 
acids 1 522-1 946 of SEQ ID NO: 6, and amino acids 32-450 of SEQ ID NO:7. 

80. An isolated polypeptide according to claim 77, wherein said epothilone synthase 
domain is an acyltransf erase domain comprising an amino acid sequence substantially 
similar to an amino acid sequence selected from the group consisting of: amino acids 543- 
864 of SEQ. ID NO:2 t amino acids 539-859 of SEQ ID NO:4, amino acids 563-884 of SEQ 
ID NO:5, amino acids 2056-2377 of SEQ ID NO:5, amino acids 3555-3876 of SEQ ID NO:5, 
amino acids 5631-5951 of SEQ ID NO:5, amino acids 561-881 of SEQ ID NO:6, amino 
acids 2053-2373 of SEQ ID NO:6 t and amino acids 556-877 of SEQ ID NO:7. 

81 . An isolated polypeptide according to claim 80, wherein said acyltransferase 
domain comprises an amino acid sequence selected from the group consisting of: amino 
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acids 543-864 of SEQ ID NO:2, amino acids 539-859 of SEQ ID NO:4, amino acids 563- 
884 of SEQ ID NO:5, amino acids 2056-2377 of SEQ ID NO:5, amino acids 3555-3876 of 
SEQ ID NO:5, amino acids 5631-5951 of SEQ ID NO:5, amino acids 561-881 of SEQ ID 
NO:6, amino acids 2053-2373 of SEQ ID NO:6, and amino acids 556-877 of SEQ ID NO:7. 

82. An isolated polypeptide according to claim 77, wherein said epothilone synthase 
domain is an enoyl reductase domain comprising an amino acid sequence substantially 
similar to an amino acid sequence selected from the group consisting of: amino acids 974- 
1273 of SEQ ID NO:2, amino acids 4433-4719 of SEQ ID NO:5, amino acids 6542-6837 of 
SEQ ID NO:5, and amino acids 1478-1790 of SEQ ID NO:7. 

83. An isolated polypeptide according to claim 82, wherein said enoyl reductase 
domain comprises an amino acid sequence selected from the group consisting of: amino 
acids 974-1273 of SEQ ID NO:2, amino acids 4433-4719 of SEQ ID NO:5 ? amino acids 
6542-6837 of SEQ ID NO:5, and amino acids 1478-1790 of SEQ ID NO:7. 

84. An isolated polypeptide according to claim 77, wherein said epothilone synthase 
domain is an acyl carrier protein domain, wherein said polypeptide comprises an amino acid 
sequence substantially similar to an amino acid sequence selected from the group 
consisting of: amino acids 1314-1385 of SEQ ID NO:2, amino acids 1722-1792 of SEQ ID 
NO:4, amino acids 1434-1506 of SEQ ID NO:5, amino acids 2932-3005 of SEQ ID NO:5, 
amino acids 5010-5082 of SEQ ID NO:5, amino acids 7140-7211 of SEQ ID NO:5, amino 
acids 1430-1503 of SEQ ID NO:6, amino acids 3673-3745 of SEQ ID NO:6, and amino 
acids 2093-21 64 of SEQ ID NO:7. 

85. An isolated polypeptide according to claim 84, wherein said acyl carrier protein 
domain comprises an amino acid sequence selected from the group consisting of: amino 
acids 1314-1385 of SEQ ID NO:2, amino acids 1722-1792 of SEQ ID NO:4 f amino acids 
1434-1506 of SEQ ID NO:5, amino acids 2932-3005 of SEQ ID NO:5, amino acids 5010- 
5082 of SEQ ID NO:5, amino acids 7140-721 1 of SEQ ID NO:5 t amino acids 1430-1503 of 
SEQ ID NO:6, amino acids 3673-3745 of SEQ ID NO:6, and amino acids 2093-2164 of 
SEQ ID NO:7. 
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86. An isolated polypeptide according to claim 77, wherein said epothilone synthase 
domain is a dehydratase domain comprising an amino acid sequence substantially similar to 
an amino acid sequence selected from the group consisting of: amino acids 869-1037 of 
SEQ ID NO:4, amino acids 3886-4048 of SEQ ID NO:5, amino acids 5964-6132 of SEQ ID 
NO:5 t amino acids 2383-2551 of SEQ ID NO:6, and amino acids 887-1051 of SEQ ID NO:7. 

87. An isolated polypeptide according to claim 86, wherein said dehydratase 
domain comprises an amino acid sequence selected from the group consisting of: amino 
acids 869-1037 of SEQ ID NO:4, amino acids 3886-4048 of SEQ ID NO:5, amino acids 
5964-6132 of SEQ ID NO:5. amino acids 2383-2551 of SEQ ID NO:6, and amino acids 887- 

•1051 of SEQIDNO:7. 

88. An isolated polypeptide according to claim 77, wherein said epothilone synthase 
domain is a (i-ketoreductase domain comprising an amino acid sequence substantially 
similar to an amino acid sequence selected from the group consisting of: amino acids 1439- 
1684 of SEQ ID NO:4, amino acids 1147-1399 of SEQ ID NO:5 f amino acids 2645-2895 of 
SEQ ID NO:5, amino acids 4729-4974 of SEQ ID NO:5, amino acids 6857-7101 of SEQ ID 
NO:5, amino acids 1 143-1393 of SEQ ID NO:6, amino acids 3392-3636 of SEQ ID NO:6, 
and amino acids 1810-2055 of SEQ ID NO:7. 

89. An isolated polypeptide according to claim 88, wherein said P-ketoreductase 
domain comprises an amino acid sequence selected from the group consisting of: amino 
acids 1439-1684 of SEQ ID NO:4, amino acids 1147-1399 of SEQ ID NO:5, amino acids 
2645-2895 of SEQ ID NO:5, amino acids 4729-4974 of SEQ ID NO:5, amino acids 6857- 
7101 of SEQ ID NO:5, amino acids 1 143-1393 of SEQ ID NO:6 t amino acids 3392-3636 of 
SEQ ID NO:6, and amino acids 1810-2055 of SEQ ID NO:7. 

90. An isolated polypeptide according to claim 77, wherein said epothilone synthase 
domain is a methyltransferase domain comprising an amino acid sequence substantially 
similar to amino acids 2671-3045 of SEQ ID NO:6. 

91 . An isolated polypeptide according to claim 90, wherein said methyltransferase 
domain comprises amino acids 2671-3045 of SEQ ID NO:6. 
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92. An isolated polypeptide according to claim 77, wherein said epothilone synthase 
domain is a thioesterase domain comprising an amino acid sequence substantially similar to 
amino acids 2165-2439 of SEQ ID NO:7. 

93. An isolated polypeptide according to claim 77, wherein said thioesterase domain 
comprises amino acids 2165-2439 of SEQ ID NO:7. 
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SEQUENCE LISTING 

<110> Novartis AG 

<120> GENES FOR THE BIOSYNTHESIS OF EPOTHILONES 

<130> 4-30582A 

<140> 
<141> 

<160> 30 

<170> Patencln Ver. 2.0 

<210> 1 

<211> 68750 

<212> DNA 

<213> Sorangium cellulosum 



<400> 1 

aagcctcgcc 

acggccgggc 

ccccccgaga 

gcgacctgac 

acgcccgcag 

cgcccgcccg 

agcgcgagcg 

cccgctccgc 

cgacgtcgcc 

agcccgcctg 

atcccgccta 

ccgccgcggc 

ccgcctcctg 

tgtgggagcg 

ccgagcgcgc 

tcgcggcggg 

ccgcgaccga 

ccggccggac 

cgccccccag 

tgacggaagg 

cccacgctcg 

gcgcgccccc 

gtccccacga 

ggtgcgagcc 

ccccgagccg 

ccacccccaa 

tcgacaagcg 

acgtcgcgtc 

ggcacgccga 

tacgggaccg 

gcatcctgac 

ccggaccgag 

gtagacgctg 

caccacgacc 

gtcccaccca 

cccataaccc 

ggccggcgtg 

gcccccgcgc 

cgacacgagc 

cccgtcgcga 

cgcgaaccga 

cgcgaggatg 

caccccccgc 

cggcagcgcc 



cgacgccccc 

cacggagcgg 

gcacccccgc 

ggcggagccc 

cccgaggcac 

gcggcccgcc 

agcccgaacc 

gcccgatctg 

cgaagccgcc 

tgccgcgccg 

cgagatgctg 

ctccgcgccc 

ggaggccgta 

gccccggacg 

cgaggcgacc 

cgccggcccg 

cggagacgca 

cccgccggcc 

ccagacgccc 

cagccccccc 

cgggcccacg 

cgccgcccag 

gcccgccggc 

zccggccggc 

czzcgcgzac 

cgcgacccac 

caccggcgta 

cgaggaccgg 

gcacacccgc 

ccccgacacg 

gcccgcccgc 

ccggcgaccc 

cgccagaaac 

ccgaccagcc 

cagcgcccgg 

cagccgcgcg 

aggcgaccgg 

acaccgccgc 

ccggcggcgc 

tccatgcgcg 

gcgagcccgc 

cg.cccgcgca 

accaggcccc 

ccgagccgcc 



tccgcccgcg 
cacgcgcccg 
acccaggaag 
cccgcgcacg 
cccgaccgga 
gcgcgcggcg 
gcgcaggagg 
ccccgccccg 
gaggccgagc 
ctcgcctggc 
ccagagaacc 
ggcacaccgg 
ccgagcaaga 
atcgcccgcg 
gcggcggagg 
gcggtcgccg 
ctgcactccg 
gcgccgctcg 
cccgccgcgc 
accgcgacgg 
gcgtgggcca 
cgcccgacca 
agcgcccccc 
cggctcgagc 
cccggcgagc 
gcgccgcggg 
gagcccatcg 
gacatcttcg 
cccggcgccc 
gcgctcaatc 
agccgacacc 
gccgctggcg 
gcccgagagc 
cgcggcccgg 
gcacccccga 
ccccgaagaa 
ccgtcatctc 
ccatgagcac 
ccgaagggaa 
tcttcccccc 
ccgccgggac 
cgaacgcatc 
ccgcgtcgca 
ggacccaccc 



ccacctc*gc 
ccgaggcgcg 

gggggccgcc 

accagccccc 
ccccggacgc 
cgccgggccc 
cgaggcgccc 
aggacgacgc 
ggcgcccccg 
tcgggacggg 
tgctccccgg 
aggccgctcc 
agagccagct 
cgatgggcaa 
cgcgccgccc 
gggcctcccc 
gcgacggcaa 
ccggaaccga 
acgccaacgc 
caagaaa.cca 
accaggccat 
tcacggaatc 
ccctcgcctg 
cacggcgcca 
accccaccgc 
ccgaccccga 
tcctcgcgga 
cgcccaccgg 
ccaccgccgc 
ggcgcggccc 
gcccgacgcc 
ggccgcagct 
ccccgagaac 
accatcgacc 
gaccgcgtcc 
gcccgggaaa 
gcgcaccgag 
gcgcgcgaac 
cgccggcggg 
cgcccgcccg 
gcgaaagccg 
gaagccccgg 
cacccaccgc 
gcccggcccg 



ccgcgcgccc 
cgggaccgag 
cccccaccgc 
cgcgcccacc 
gacgcccgcc 
cctccgcgag 
gcggcccgcg 
caacgggccg 
cgccccgcac 
cgcgggcccc 
gcccggcccc 
ccgcggcgca 
cggcaacatc 
cgccgacaac 
gcgcgcacag 
gagcggccgg 
cgacaccgcc 
tccccccccc 
gggcaccacc 
ggcgcgaccg 
ggcgcccgac 
cgagcacccc 
cgacgaggag 
cccgcaccac 
ggcgacccgg 
ccgcagggcc 
gacgcgccat 
acagcccgac 
ggccgactac 
cccccccacg 
gggccgctca 
cacgccgacc 
aggaagccgg 
caggacgccc 
ggcgccgtga 
aacgaggacg 
gcggcgctca 
aggaggcagt 
ccggcacagg 
ccggcgaagt 
gcgccccgca 
ccggccgcgc 
gcccccggcc 
cgcggcgcca 



gacgacggcc 
gacccccgcg 
acgcgccccg 
agcctccacc 
gacggccccg 
cacgaagagg 
gccgcgccgc 
ccgctcggcc 
gcgacccccg 
tggcccggac 
ccgaccgcga 
gcgcggccgt 
cccgaagccc 
ccctcccgcc 
ccggcgccct 
cccccgggcc 
acgccccaac 
gagcccgcac 
cccaaggccc 
acgagccccg 
cccgagcggg 
acgccccgcc 
cacccccacc 
cgccccggcg 
caccccccgc 
atccccgggg 
cccccggcgc 
ccccgcgacc 
cagcgccagc 
acgaacgacc 
tcgagggcgc 
cggcggcgac 
cggaccgtgc 
cgaacccgcc 
ccacggccac 
ccgccccccg 
agagccgccg 
cgcccaccgc 
cgccctcggc 
aaccgcagcc 
ccccgagcgg 
gccccacgag 
gacgcacgag 
ccggcaccgg 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1980 

2040 

2100 

2160 

2220 

2280 

2340 

2400 

2460 

2520 

2580 

2640 
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ccgcgcgccg 
cgagaccccg 
gggcaccgcc 
cggcaaccat 
caccgccgtc 
catgggcgcg 
gcgcgcgacc 
cccgcgcgcg 
ggccccaccc 
cccccccacg 
actgcccgcg 
gcccggccgc 
gcacgccgct 
ggcctcaccg 
gcgcgcgccc 
cccggcggcg 
gccccccccc 
ccccccccgc 
cgccccgggg 
cccccggcgc 
ccggcgacgg 
agccacgcgc 
gccgcgacga 
cccccggcga 
gcgacgcgcc 
gcccccacgc 
gcgcccgcgc 
ggcgcgcaga 
cgcgtcgacg 
gcgaccgcga 
aggggcagcg 
accgccgcga 
gccgccgccg 
agggcgcccc 
gcgcacaccc 
tccgccacgg 
gacaccacgg 
gcgagccggg 
cgcgagctgc 
gcgaccggcg 
gcgaccgtcc 
gagcgcgccc 
gccgccgacc 
agcgcgcaga 
gcggtggcgc 
gccccgccgc 
cgcgccccgt 
tacctcggca 
gccgcgcatg 
ggaagcgagc 
cgagcagcgc 
cgcccgac.cc 
gaccgccgaa 
cggggccgcg 
ccaacaggca 
ggacgcagcc 
ccccccggcc 
gacgcgcccg 
ccgagcgccg 
gacagcgggc 
acgggccgac 
cccgccggcc 
gccgacgcgc 
gacgtcgttc 
cggcagcgcc 



acgagcccga 
aagcccaccg 
tcgtcgatcg 
cggtcgacgg 
gcggtgaccg 
ctgccgccga 
agccagaccg 
ggcgccagcg 
aacgcgcacc 
accgccgacg 
cccgaaaaaa 
ccgctcgggc 
cgccacgccc 
agcggcaggt 
ccggcgagct 
tcgtgctggg 
aggagccggc 
cgccgacggc 
cgctctcggc 
ccgcgcccga 
cggccagcgc 
aggtgacgct 
cgccgccgag 
gcggaccccc 
gggcggccga 
tcctggccgc 
tcggcgtgct 
cgcccgcggc 
cgccgcagcc 
cggcggcgaa 
aggcggcgct 
ccgccggcgc 
cgccggccac 
cgacgcagga 
ccggggtcga 
acaccgtgga 
agccctccgc 
ggctcgcgag 
gcggcccgac 
cgcgaccgcc 
agcgggccga 
ccgcgcggcg 
tcgcggccca 
ccgatccggg 
ggagcgtcgc 
gcgcgcacgc 
acgacccgcc 
gcacggccga 
gagggacccg 
gcccggctcc 
gccccccgcc 
gaccacgccg 
ccggacgcgc 
gccgccgaag 
ggccgtccca 
ccccgcgacc 
cctctttggc 
gggacccacg 
acgggccccg 
ccgccgtgaa 
gattcggccg 
gcggcggccc 
gcgtcaccgc 
accccccgcc 
cgagccccga 



gctcgccgac 
tgaacgccac 
gaccatcgac 
gggagccgag 
cccccgtcac 
gctcggccac 
cccccggcac 
cgccggcccc 
ccggcgccgc 
cccccccgag 
ccaccggcgc 
gcccgcccct 
ggcctgcacc 
cccgcccccg 
cgcgcggcgg 
cccccccgtc 
ggccggggcc 
gggcaccgag 
gcccggcgcg 
ccggcccccc 
gaccgcgaag 
cgcggcgggg 
ccacggcgcg 
gccgcccacg 
cgcgacgcgc 
ggcgctgacg 
gctcaacagc 
gggccccccc 
gcgcacgccg 
ggccgccccc 
cgcggcggcg 
cgagcccggg 
ggcgaccgcc 
ggagccggcc 
gcggaccccc 
gagcaccgcc 
ggagcagcag 
gctcggcgcg 
ccaggcgacc 
ggcgcgcgcg 
gtccaacgcg 
gaccctcgcc 
cgcggcgccg 
cgcggccgcc 
cgacgaggcg 
gggcgcgcac 
cgcgctcgga 
gccggcggcg 
agagcaggcg 
gccgacgacc 
cgacgcgagc 
gcatagcccg 
cgggcgcgcc 
caaacggcga 
cggcccgcca 
gcacagcgcg 
agcccccccc 
gctgaggacc 
aaagcgcgcg 
gcagagaggc 
ccggataggg 
gagcgagaaa 
cgacgccgac 
gcccgagcgg 
gcccccgcgg 



ggcccgccgg 
caggtcgcgc 
gcgcgccagc 
gccgagcccg 
cgaggcgacc 
gcccaccgcg 
ccgccccgcc 
cgcgtcctgc 
cacgccgacc 
cgggggcgcc 
cccgtcacga 
ggacgagcaa 
cacaccgagg 
cccgtcaccc 
ctgcgccagc 
gccggcgcgc 
gcgccctcgg 
gccgacgcgg 
atcgcgcccc 
ccgagcggcc 
gcgccgaccg 
gcggccagcg 
ccgcccgcgc 
gcgcccgccg 
gcccccaagg 
cagcggcccg 
gctcctcgca 
gcgcccgcgc 
gcggcgtggg 
gccgcgctcg 
ggcccgaaca 
ctcctctcca 



ccacccgcgc 
cgcctcgagc 
gccccgaccg. 
gcctccaagc 
gcgcccggcc 
cgcctccgcg 
ctgcgcgcct 
cgcggaatgt 
ctcgtcgtgg 
ccgaccaccg 
gcgtgggacg 
cggcgcgacc 
gccccccggg 
ccgagcgacg 
cgccacgacc 
gcccggagcc 
aggcgaggcc 
gtcactcccg 
cgagccgggc 
caccgcgcgg 
ccgccggaac 
cggcgacccg 
cccgcggccc 
tccgcccgat 
tgctgcccag 
ctcgccgagc 
accggccagc 
gatcgaggtg 
cacacgcccg 
accgtgcagg 
cccgacgccg 
ctcgaggccg 
cgacgggccg 



atcggcgacg 
accgcgaccg 
accccccggc 
ccccccccga 
cggaagaccg 
cccacgcgca 
gccacccccg 
cccggccgcc 
aaagccccca 
cgcccccgcc 
tcgccgccgg 
agcccgcccg 
agccacccac 
ccgcgcccac 
ccgaggcgcc 
ccgcgcccgg 
gcaccccccg 
gcatcccgcg 
cgcccgcggc 
ccccccccgg 
agcgcgagcc 
aggccgccgc 
cggcggccgc 
ggcggcggct 
gacaggcgcc 
gcccgcaccc 
ccaaccgccc 
cccccgcccc 
ggacggccgc 
gcgcgcggcc 
cgaagggcgg 
acgaggccca 
tccccatctg 
gcgaggaggc 
tggcgcacgc 
gaaagctcgg 
caccgcgcgc 
ccggcacccg 
cgcgggacca 
cgcccggccg 
tgggcgaccc 
gccccgagta 
ccgagcccgc 
gcgagccatc 
ggcgccggcc 
agacaacgcg 
acgggccgcc 
gggtgccggc 
tccaccgcgc 
gcccgcgcag 
acgccgcacg 
gaccggcccg 
ggtcacccgg 
cgcgccccgg 
aggcccgccg 
cggcccgccc 
gagcgacggc 
gccccccgcc 
ccggacgcgg 
gcgagacgaa 
gcccccccgc 
gcacgcggcc 
cgaccacgcg 
gcagcgagcg 
gagcgcccga 



acgcgccgaa 
gccgccccgc 
tcgcgagccc 
cgagcaccac 
cgccccgccg 
cgccgccgcc 
ccgccaccac 

CCCCCCCCCC 

caaactcccg 
gagagcaccg 
gcgcggcccc 
cccgcgccca 
cccgacgcac 
ccccgcgacc 
cggggagccc 
gccccaccga 
gataggcgcg 
caaggaggcg 
gggcgccgcc 
gaccgcgcrc 
gacgcgccgc 
ccgggcgccc 
ccggagcgcg 
cacccacctc 
gcccgccccc 
gccgcccggc 
ccccctcgac 
cgcgggcacg 
gccgccgccg 
cggcgggccc 
cacggacccc 
cacgacgcac 
gcccgagaaa 
cgcgaggcgc 
cccgcccggg 
cgagacggcc 
cgcgggggag 
gcggcaaagg 
cgacccgccc 
cccgcaggac 
cccggcggcg 
cccccccgcc 
gccgctcagc 
ccgggcgcgc 
cggcgcgcgc 
ggagcccgcg 
cggccggccc 
cgcgccgccc 
ccgcccgcga 
gcgaccgcgc 
acgacggggg 
ggcccggcca 
caaggcccgg 
cccgacgcac 
cccccgcccg 
acgcgccccc 
ccccccgccc 
gaccggcgcg 
gcccgagagg 
acacgccgac 
gagcacggcg 
cgcgcccggc 
gccggcggcg 
gcccgccgcc 
ccacaacgcc 



2700 
2760 
2820 
2880 
2940 
3000 
3060 
3120 
3180 
3240 
3300 
3360 
3420 
3480 
3540 
3600 
3660 
3720 
'3780 
3840 
3900 
3960 
4020 
4080 
4140 
4200 
4260 
4320 
4380 
4440 
4500 
4560 
4620 
4680 
4740 
4800 
4860 
4920 
4980 
5040 
5100 
5160 
5220 
5280 
5340 
5400 
5460 
5520 
5580 
5640 
5700 
5760 
5820 
5880 
5940 
6000 
6060 
6120 
6180 
62'40 
6300 
6360 
6420 
6480 
6540 
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gacagccgaa gaggcaagct ggccgagacg accgcgccgc atgccaactt cgagctgccc 6600 
atcaccgccg agaagcagag cagcccccag tcgccaccgt ctgccgccgt catcgggccg 6660 
acgtctgccg ggcgacatcg cgccatcagc agcgccgagc ccgccagcag gccccagggc 6720 
cctgcctcga cggccctccc caccacccct gcgcaccccc ccagcgacgg ccgcgcagcg 6780 
acggccgcgt ccaagcaacc gccgtgccgg cgcggctcca cgcgcgcgac aggcgagcgt 6840 
cctggcgcgg cctgcgcatc gctggaagga tcggcggagc acggatagag aaccgaggac 6900 
cgcgacctcc gtcgccaccg cagccaacgt ggcgatcgcg gcggccaagc ccaccgccgc 6960 
cgccgcgacc ggcagctcgg cgaggcgttt gccgacttcg gcggcgtccc gcgcgtgccg 7020 
ctctacgaca accccaagag cgccgccgcc gagcgccacg gcgacgcgac ccggttccac 7080 
cccacgctgc tggctctgtc ggcgcactac cgcttcgagc cgcgccccgt cgccgccgcc 7140 
cgcggcaacg agaagggccg cgcccagcgc gccatcacgg cgcggacgac atggcgcgga 7200 
aacgccgtcg taaccgccca gcaacgtcac gggaacggcc ccccgaaacg gccccctgag 7260 
ggggccggcc ggggtcgacg ataccgcgcg acccccccgc caactcccga cggcaaaaga 7320 
aaaatttgcc acagatcgca agctgcgaca gtggcccgcc ctacgtcgcg ccctccgcac 7380 
ctcgagcgag ccctctcgga taactttcaa tttttccgag gggggcttgg cccccggccc 7440 
cccaggaagc ctgaccggga cgagctaatt cccacccact tttccgaggc cccgcccaaa 7500 
gggattagac cgagcgagac agtcctcccg cagcgcgcga agaacctggg cctcgaccgg 7560 
aggacgaccg acgcccgcga gcgggtcagc cgctgaggat gcgcccgtcg tggcggatcg 7620 
tcccatcgag cgcgcagccg aagacccgat cgcgaccgcc ggagcgagtt gccgtccgcc 7680 
cggtggcgcg atcgacccga gcgggtcccg gacgctcccc gagggctcgc gcgacaccgt 7740 
cgggcgagcc cccgccgaac gctgggatgc agcagcgtgg tttgaccccg accccgacgc 7800 
cccggggaag acgcccgtta cgcgcgcatc tctcctgagc gacgtagcct gccccgacgc 7860 
ctcccccctc ggcacctcgc ctcgcgaagc gccgcggatg gaccctgcac atcgaccctc 7920 
gctggaggcg tgctgggagg cgctggagaa cgccgcgacc gccccaccgg cgctcgccgg 7980 
cacggaaacg ggagcgtcca ccgggaccgg cccgcccaaa cacgaggccg cgccgccgca 8040 
agcgacggcg cccgcagaga tcgacgctca tggcgggccg gggacgacgc ccagcgccgg 8100 
agcgggccga atcccgtatg ccctcgggct gcgagggccg tgtgtcgcgg cggacacggc 8160 
ccatccgccc ccgccggtgg ccgttcacct ggcctgtcag agcttgcgct ccggggaatg 8220 
ccccacggcc ccggccggcg gggtaccgcc gacgccgccg ccgagcaccc ccgcgcggcc 8280 
ctcgaagacc cgggcgccgg ccagggacgg tcgccgcaag gcaccctcgg cggaggccga 8340 
tgggcccgga cgaggcgaag ggcgcgccgc cgcggccccc aagcggccca gcggagcccg 8400 
cgcggacggc gatcggacat cggcggcgac ccgaggaccc gcgaccaacc acgacggcgc 3460 
gagcagcggt ccgaccgcgc cgaacgggag cccccaagaa accgcgctga aacgggccct 3520 
ggcggacgca ggctgcgccg cgtcctcggt gggccatgcc gaggcacacg gcacgggcac 8580 
gacgcttggt gaccccatcg aaatccaagc tctgaatgcg gcacacggcc ccgggcgaga 8640 
tgccgccacg ccgctgccga tcgggtcggt gaagaccaac cttggccacc ctgagcacgc 8700 
gccggggacc accgggccgc cgaaggtcgt cccgcccccc cagcacgggc agacccccgc 8760 
gcacctccac gcgcaggcgc tgaacccccg gacctcatgg ggcgatcttc ggctgaccgc 8820 
cacgcgcgcc cggacaccgc ggccggaccg gaacacgccg cgacgggcgg gggcgagctc 8880 
gcccggcacg agcgggacca acgcgcacgt ggcgccggaa gaggcgccgg cggcgacgtg 8940 
cacaccgccg gcgccggagc gaccggcaga gctgctggtg ccgccggcaa ggaccgcgtc 9000 
agccccggat gcacaggcgg cgcggctgcg cgaccatctg gagacccacc cttcgcagcg 9060 
cccgggcgat gtggcgtcca gtctggcgac gacgcgcagc gcgatggagc accggctcgc 9120 
ggtggcggcg acgtcgaggg aggggccgcg ggcagccctg gacgctgcgg cgcagggaca 9180 
gacgtcgccc ggtgcggtgc gcagtaccgc cgactcctca cgcggcaagc tcgccccccc 9240 
ctccaccgga cagggggcgc agacgctggg cacgggccgc gggctgcacg atgcacggcc 9300 
cgcgttccgc gaggcgttcg acctgtgcgt gaggctgccc aaccaggagc tcgaccggcc 9360 
gctccgcgag gcgacgtggg ccgaaccggc cagcgtcgac gccgcgctgc tcgaccagac 9420 
agccttcacc cagccggcgc tgttcacctt cgaacatgcg cccgccgcgc cgcggcggtc 9480 
gcggggcgca gagccggagt tggtcgccgg ccacagcacc ggcgagctgg cggccgcctg 9540 
cgtggcgggc gtgcccccgc ccgaggacgc ggcgcccccg gcggccgcgc gcgggcgccc 9600 
gacgcaggcg ccgccggccg gcggggcgac ggcgtcgacc gaggcgccgg aggccgatgc 9660 
ggccgccgcg gcggcgccgc acgcagcgcc ggtgtcgacc gccgcggcca acgccccgga 9720 
ccaggtggtc accgcgggcg ccgggcaacc cgcgcacgcg atcgcggcgg cgacggccgc 9780 
gcgcggggcg cgaaccaagg cgctccacgc cccgcatgcg ttccacccac cgcccacggc 9840 
cccgacgccg gaggcgttcg ggcgtgtggc cgagccggtg agctaccggc ggccgtcgac 9900 
cgccctggtc agcaatccga gcgggaaggc ttgcacagac gaggcgagct cgccgggcca 9960 
ccgggcgcgc cacgcgcgag aggcggtgcg cttcgcggac ggagcgaagg cgctgcacgc 10020 
ggccggcgcg ggcaccttcg tcgaggtcgg cccgaaaccg acgccgctcg gcctggtgcc 10080 
cgcccgcacg ccggacgccc ggccggcgct gcccgcatcg tcgcgcgctg ggcgtgacga 10140 
gccggcgacc gcgcccgagg cgcccggcgg gccccgggcc gccggcggcc cggtctcctg 10200 
ggccggcccc cccccctcag gggggcggcg ggcgccgccg cccacgtacc cttggcagcg 10260 
cgagcgccac cggatcgaca cgaaagccga cgacgcggcg cgtggcgacc gccgcgcccc 10320 
gggagcgggc cacgacgagg ccgaggaggg gggcgcggcg cgcggcggcg accggcgcag 10380 
cgctcggccc gaccacccgc cgcccgagag cggacgccgg gagaaggtcg aggccgccgg 10440 
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cgaccgtccg ttccggctcg agaccgacga gccaggcgtg crtgatcacc tcgtgcttcg 10500 
ggccacggag cggcgcgccc ctggcctggg cgaggtcgag atcgccgtcg acgcggcggg 10560 
gcccagcttc aatgacgtcc agctcgcgct gggcatggtg cccgacgacc cgccgggaaa 10620 
gcccaaccct ccgctgccgc tcggaggcga gcgcgccggg cgcaccgtcg ccgcgggcga 10680 
gggcgtgaac ggcctcgtgg tgggccaacc ggtcatcgcc ctctcggcgg gagcgtttgc 10740 
tacccacgcc accacgccgg ctgcgctggt gctgcctcgg cctcaggcgc cctcggcgac 10800 
cgaggcggcc gccatgcccg ccgcgcacct gacggcatgg cacgcgctcg acagaacagc 10860 
ccgccttcag ccgggggagc gggtgccgac ccatgcggcg accggcgggg ccggtctcgc 10920 
cgcggcgcag cgggcgcagc acgtgggagc cgaggtccat gcgacggccg gcacgcccga 10980 
gaaacgcgcc tacctggagt cgctgggcgt gcggcatgcg agcgactccc gctcggaccg 11040 
gcccgccgcc gacgtgcgcg cgcggacggg cggcgaggga gtagacgtcg tgctcaactc 11100 
gctctcgggc gagctgatcg acaagagctt caatctcccg cgatcgcacg gccggtttgt 11160 
ggagctcggc aagcgcgact gttacgcgga taaccagctc gggctgcggc cgttcctgcg 11220 
caatctctcc ttctcgctgg tggacctccg ggggatgatg ctcgagcggc cggcgcgggt 11280 
ccgtgcgctc ttggaggagc tcctcggcct gatcgcggca ggcgtgtcca cccctccccc 11340 
catcgcgacg ctcccgatcg cccgtgtcgc cgatgcgttc cggagcatgg cgcaggcgca 11400 
gcatcttggg aagctcgcac tcacgctggg tgacccggag gtccagaccc gtactccaac 11460 
ccacgcaggc gccggcccgt ccaccgggga ccgggacccg ctcgacaggc ccgcgtcagc 11520 
cgcgccggcc gcgcgcgcgg cggcgctgga ggcgctcccc cgcacgcagg tctcgcaggt 11580 
gccgcgcacg cccgaaacca aggccggcgc ggaggcgccg ttcacccgcc ccggcacgga 11640 
cccgcccacg gccgcggagc cgcgcaaccg catcgaggcg agccccaagc cgaagctgtc 11700 
gacgacgctc ccgcccacgc cccccaacac cgccttgctg gcccaaaacc cgttggatgc 11760 
ccccgccaca gccctctccc cggagcgggt ggcggcggag aacccacggg caggcgtgca 11820 
aaacgacttc gtctcaccgg gcgcagatca agactgggaa accaccgccc cacgacgacc 11880 
aaccagcccc tgaacgagct cgagcaccag ggtatcaagc tggcggccga cggggagcgc 11940 
ctccagacac aggcccccaa gaacgccccg aacccgaacc tgcccgcccg aacctccgag 12000 
cacaaaagca cgatcctgac gatgccccgt cagagacccc ccgcagaacc caccgtgccc 12060 
gccccagccg agcggcacgc cccgcccccc cccacagaca cccaagaacc ccaccggccg 12120 
ggccggacag gagcgctcac ggtccccagc gggatccacg cctatcgcga acacgaccgt 12180 
acggaccccg acgtgccgag gccgagccgc gcccttcgga aagccgtcgc gcggcacgac 12240 
acgctccggg cccacacgct gcccgacacg acgcaggtga ccgagcccaa agccgacgcc 12300 
gacatcgaga tcaccgaccc gcgcgggccc gaccggagca cacgggaagc gaggcccgtg 12360 
ccgtcgcgag acgcgacgcc gcaccgcacc tacgacaccg agcgccctcc gccctaccac 12420 
gccgccgccg cccggccgga cgagcggcaa acccgtctcg tgcccagcat cgatctcatt 12480 
aacgctgacc taggcagccc gtccaccacc tccaaggact ggcccagcct ccacgaagat 12540 
cccgagaccc ctccccccgc cccggagctc ccgtaccgcg atcatgtacc cgcgctggag 12600 
cctcgcaaga agtccgaggc gcatcaacga ccgatggatt accggaagcg gcgcatcgcc 12660 
gagcccccac ctccgccgac gcctccgatg aaggccgatc catctacccc gaaggagacc 12720 
cgcccccggc acacggagca acggctgccg ccggactcct ggggccgacc gaagcggcgt 12780 
gtcggggagc gcgggccgac cccgacgggc gtcatcctgg ccgcacttcc cgaggtgacc 12840 
gggcgctgga gcgcgagccc ccggcccacg ctcaacataa cgcccctcaa ccggcccccc 12900 
gcccatccgc gcgcgaacga catcaccggg gacctcacgc cgacggtcct cccggacacc 12960 
gacaccactc gcgacaagag ccccgaacag cgcgctaagc gcacccaaga gcagctgtgg 13020 
gaagcgatgg accactgcga cgcaagcggt atcgaggtcc agcgagaggc cgcccgggcc 13080 
ccggggaccc aacgaggcgc accgcccccc gcggtgccca cgagcgcgct taaccagcaa 13140 
gccgctggtg ccaccccgcc gcagaggccc ggaaccccgg cgtacaccag cacgcagact 13200 
cctcagccgc tgctggatca ccagctccac gagcacgacg gggaccccgc ccccgcgtgg 13260 
gacaccgtcg acggagtgct cccgcccgac cttctggacg acacgcccga agcgtacgcc 13320 
gttttcctcc ggcggctcac cgaggaacca cggggtgaac aggtgcgccg ctcgcttccg 13380 
cctgcccagc tagaagcgcg ggcgagcgca aacgcgacca acgcgccgcc gagcgagcat 13440 
acgctgcacg gcctgcccgc ggcgcgggtc gagcagccgc ccatgcagct cgccgcggtg 13500 
ccggcgcgca agacgcccac gcacgaagag ccttcgcgcc gcccgcggcg acccggcgcg 13560 
cggctgcgcg agcagggggc acgcccgaac acactggtcg cggcggtgac ggagaaaggc 13620 
cgggagcagg tcgtcgcggc tcccgcggcg ctcgagtcag gcgcggccta cgtgccgatc 13680 
gatgccgacc taccggcgga gcgtatccac tacctcctcg atcacggtga ggtaaagctc 13740 
gcgctgacgc agccatggct ggacggcaaa ctgtcatggc cgccggggat ccagcggccg 13800 
ctcgtgagcg aggccggcgc cgaaggcgac ggcgaccagc ctccgacgat gcccatccag 13860 
acaccttcgg acctcgcgca cgccacctac acctcgggat ccacagggcc gcccaagggg 13920 
' gcgacgaccg atcatcgggg cgccgtcaac accaccctgg acatcaacga gcgcttcgaa 13980 
acagggcccg gagacagggc gctggcgctc tcctcgctga gcttcgatct ctcggtctat 14040 
gatgtgcccg ggaccctggc ggcgggcggt acgatcgtgg tgccggacgc gnccaagctg 14100 
cgcgatccgg cgcatcgggc agagctgacc gaacgagaga aggtgacggc gcggaactcg 14160 
ocgccggccc cgacgcggac gcccgccgag cattttgagg gtcgccccga ctcgcccgct 14220 
aggtctccgc ggcttccgcc gctgagcggc gactggaccc cggcgggccc gcctggcgag 14280 
ccccaggcca ccaggcccgg cgtgtcggtg atcagcctgg gcggggccac cgaagcgccg 14340 
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atctggtcca tcgggtaccc cgtgaggaac gtcgacctat cgtgggcgag catcccctac 14400 
ggccgtccgc tgcgcaacca gacgttccac gtgctcgatg aggcgctcga accgcgcccg 14460 
gcccgggctc cggggcaact ctacattggc ggggtcgggc tggcactggg ctaccggcgc 14520 
gacgaagaga agacgcgcaa gagcttcctc gtgcaccccg agaccgggga gcgcccccac 14580 
aagaccggcg atctgggccg ccacctgccc gatggaaaca tcgagctcat ggggcgtgag 14640 
gacaaccaaa tcaagcttcg cggataccgc gttgagctcg gggaaatcga ggaaacgccc 14700 
aagtcgcatc cgaacgtacg cgacgcggtg actgcgcccg tcgggaacga cgcggcgaac 14760 
aagctccttc cagcctatgt ggtcccggag ggcacacgga gacgcgccgc cgagcaggac 14820 
gcgagcctca agaccgagcg gatcgacgcg agagcacacg ccgccgaagc ggacggcctg 14880 
agcgacggcg agagggcgca gttcaagctc gctcgacacg gactccggag ggacccggac 14940 
ggaaagcccg ccgtcgacct gaccgggcag gatccgcggg aggcggggct ggacgcctac 15000 
gcgcgtcgcc gcagcgtccg aacgcccccc gaggccccga ttccgtttgt cgagcccggt 15060 
cgattcctga gctgcctgag cagcgtggag cccgacggcg cgaccccccc caaaccccgc 15120 
catccaccgg cgggcagcac gcacccggcg caaacctacg cgcacgtcaa atccggccgc 15180 
atcgagggcg tggacgaggg cttctattat taccacccgc ccgagcaccg tctgccgaag 15240 
ccctccgatc acgggatcga gcgcggagcg cacgctcggc aaaacttcga cgcgttcgat 15300 
gaagcggcgt ccaacctcct gttcgtgggc aggaccgacg ccatcgagcc gctgtatgga 15360 
ccgccgtcgc gagaactctg cctgctggag gccggataca cggcgcagct cctgatggag 15420 
caggcgcctt cctgcaacat cggcgtctgc ccggcggggc aattcaactt tgaacaggct 15480 
cggccggtcc tcgacctgcg acattcggac gtttacgtgc acggcacgcc gggcgggcgg 15540 
gtagacccgc ggcagttcca ggcctgcacg cccggtcagg attcctcacc gaggcgcgcc 15600 
acgacgcgcg gcgcccctcc cggccgcgag cagcacttcg ccgatatgct ccgcgactcc 15660 
ctigaggacca aactacccga gtacatggtg cctacagcct tcgtggagct cgatgcgctg 15720 
ccgctgacgt ccaacggcaa ggtcgatcgt aaggccctgc gcgagcggaa ggacacctcg 15780 
ccgccgcggc attcggggca cacggcgcca cgggacgcct tggaggagat ccccgccgcg 15840 
gtcgcacggg aggtgctcgg gctggaggtg gccgggctcc agcagagctt cgtcgatcct 15900 
ggtgcgacac cgattcacat cgttcgcatg aggagcctgt tgcagaagag gctggacagg 15960 
gagatcgcca tcaccgagtt gttccagtac ccgaacctcg gctcgccggc gcccgg'cccg 16020 
cgccgagact cgagagatct agatcagcgg ccgaacacgc aggaccgagc ggaggtccgg 16080 
cgcaagggca ggagacgcag ccaagagcgc cgaacaaaac caggccgagc gggccgatga 16140 
gccgcaagcc cgcccgcgtc accccgggac ccacctgatc cgaccgcggg tacgcgccgc 16200 
gggcgcgcgc gccgagccgc gttgttcgaa cgccgaggaa cggcgagctc atggaagaac 16260 
aagagccccc cgctaccgca gccaccggca cgccgggccg ctttccgggg gcgcgggacc 16320 
cggacgaatc ctggaggaac cttcgagacg gcacggaggc cgtgcagcgc ttctccgagc 16380 
aggagctcgc ggcgtccgga gtcgaccccg cgctggtgct ggacccgagc cacgcccggg 16440 
cgggcagcgt gctggaagac gtcgaccggt tcgacgctgc ttccttcggc atcagcccgc 16500 
gcgaggcaga gctcatggat ccgcagcacc ggatcctcat ggaacgcgcc cgggaggcgc 16560 
cggagaacgc cggatacgac ccgacggcct acgagggctc tatcggcgcg tacgccggcg 16620 
ccaacacgag ctcgtacttg acgtcgaacc cccacgagca cccagcgatg atgcggtggc 16680 
ccggccggcc tcagacgctg accggcaacg acaaggatta cctcgcgacc cacgcccccc 16740 
acaggccgaa cctgagaggg ccgagcatct ccgttcaaac tgcctgctcc accccgcccg 16800 
cggcggccca cttggcgtgc atgagcctcc tggaccgcga gtgcgacatg gcgctggccg 16860 
gcgggatcac cgtccggatc ccccaccgag ccggctatgt atatgctgag gggggcaccc 16920 
tcccrcccga cggccactgc cgggccttcg acgccaaggc gaacggcacg accacgggca 16980 
acggccgcgg cgctgtcctc ctgaagccgc tggaccgggc gctctccgat ggtgaccccg 17040 
tccgcgcggc tatccttggg tctgccacaa acaacgacgg agcgaggaag accgggctca 17100 
ctgcgcccag cgaggtgggc caggcgcaag cgancacgga ggcgccggcg ctggcagggg 17160 
tcgaggcccg gtccatccaa tacatcgaga cccacgggac cggcacgctg ctcggagacg 17220 
ccatcgagac ggcggcgccg cggcgggcgc ccggtcgcga cgcttcggcc cggaggnctt 17280 
gcgcgaccgg ccccgtgaag accggcatcg gacaccccga atcggcggcc ggcaccgccg 17340 
gtctgaccaa gacggtctcg gcgctggagc accggcagcc gccgcccagc ctgaaccccg 17400 
agtctcctaa cccatcgatc gattccgcga gcagcccgct ctacgtcaat acctcrctta 17460 
aggattggaa caccggcccg accccgcggc gggccggcgc cagcccgctc gggaccggcg 17520 
gcaccaacgc ccacgtcgtg cnggaggaag cgcccgcggc gaagcctcca gccgcggcgc 17580 
cggcgcgctc tgccgagccc tccgccgtcc cggccaagag cgcagcggcg ccggacgccg 17640 
cggcggcacg gctacgagat catctgcagg cgcaccaggg gacctcgttg ggcgacgccg 17700 
ccctcagcct ggcgacgacg cgcagcccca tggagcaccg gctcgcgacg gcggcgccgt 17760 
cgcgcgaggc gttgcgagag gggctcgacg cagcggcgcg aggccagacc ccgccgggcg 17820 
ccgcgcgcgg ccgctgctcc ccaggcaacg cgccgaaggt ggccttcgtc trtcccggcc 17880 
agggccctca gcgggtcggc acgggccggc agcccctggc cgaggaaccc gccccccacg 17940 
cggcgctccc ggcgcgcgac cgggccancc aggccgaagc tggctggccg ccgcccgcgg 18000 
agcccgccgc cgacgaaggg cccccccagc ccgagcgcac cgacgtggcg cagccggcgc 18060 
cgctcgcccc cgcggtggca ctngcggcgc tgcggcggtc gtggggtgtc gcgcccgacg 18120 
tcgcgaccgg ccacagcatg ggcgaggcag ccgccgcgca cgcggccggg gcgccgtcgc 18180 
ccgaggatgc ggcggcgatc acctgccggc gcagccggct gccccggcgc atcagcggcc 18240 
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agggcgagat ggcggcgacc gagctgtcgc tggccgaggc cgaggcggcg ctccgaggct 18300 
acgaggatcg ggtgagcgtg gccgtgagca acagcccgcg ctcgacggcg ctcccgggcg 18360 
agccggcagc gaccggcgag gtgctgtcgt ccctgaacgc gaagggggcg ctctgccgtc 18420 
gggtgaaggt ggatgtcgcc agccacagcc cgcaggtcga cccgctgcgc gaggacctct 18480 
tggcagccct gggcgggctc cggccgggtg cggctgcggt gccgatgcgc tcgacggtga 18540 
cgggcgccat ggtagcgggc ccggagctcg gagcgaacta ctggatgaac aacctcaggc 18600 
agccagtgcg cttcgccgag gcagtccagg cgcagctcca aggcggccac ggtctgttcg 18660 
tggagatgag cccgcatccg atcctaacga cttcggtcga ggagatgcgg cgcgcggccc 18720 
agcgggcggg cgcagcggcg ggctcgctgc ggcgggggca ggacgagcgc ccggcgacgc 18780 
tggaggcgct gggcacgctg tgggcgcagg gctaccctgt accccggggg cggctgtttc 18840 
ccgcgggggg gcggcgggca ccgctgccga cctacccctg gcagcgcgag cggtaccgga 18900 
tcgaagcgcc ggccaagagc gccgcgggcg accgccgcgg cgcgcgtgcg ggcggccacc 18960 
cgctcctcgg tgaaatgcag accctgtcaa cccagacgag cacgcggccg tgggagacga 19020 
cgctggatct caagcggctg ccgtggctcg gcgaccaccg ggcgcaggga gcggccgcgt 19080 
ttccgggcgc ggcgtacctg gagatggcga cttcgccggg ggccgaggct ttgggcgacg 19140 
gccctttgca gataaccgac gtggcgcccg ccgaggcgct ggcccccgcg ggcgacgcgg 19200 
cggtgttggt ccaggtggtg acgacggagc agccgtcggg gcggctgcag ttccagatcg 19260 
cgagccgggc gccgggcgct ggccacgcgt ccttccgggt ccacgcccgc ggcgcgttgc 19320 
tccgagtgga gcgcaccgag grcccggctg ggctcacgct ccccgccgtg cgcgcgcggc 19380 
tccaggccag cacacccgcc gcggccacct acgcggagct gaccgagatg gggctgcagt 19440 
acggccctgc cCLCcagggg accgccgagc tatggcgggg tgaaggcgag gcgctgggac 19500 
gggcacgccc gcccgacgcg gccggctcgg cagcggagca ccggctgcac cctgcgccgc 19560 
cggacgcgtg cctccagacc gtcggcagcc tcctcgcccg cagtggcgag gcgacgccgt 19620 
gggcgcccgc ggagctgggc ccgctgcggc tcntgcagcg gcctccgggg gagctgcggc 19680 
gccacgcgcg cgtcgtgaac cacgggcacc aaacccccga tcggcagggc gccgactctt 19740 
gggtggtcga cagctcgggc gcagtggtcg ccgaagtttg cgggcccgtg gcgcagcggc 19800 
ctccgggagg ggcgcgccgg cgcgaagaag acgattggct cccggagccc gagcgggaac 19860 
ccgcagcggt cggcacagcc aaggtcaacg cgggccggcg gccgcccctc ggcggcggcg 19920 
gtgggctcgg cgccgcgttg cgcgcgacgc tggaggccgg cggccatgcc gccgtgcacg 19980 
cggcagagaa caacacgagc gccgccggcg tacgcgcgct cctggcaaag gcccctgacg 20040 
gccaggcccc gacggcggtig gtgcacctcg gcagcctcga cgggggtggc gagcccgacc 20100 
cagggctcgg ggcgcaaggc gcattggacg cgccccggag cgccgacgcc agtcccgacg 20160 
cccccgaccc ggcgccggta cgtggctgcg acagcgcgcc ccggaccgcg caggccccgg 20220 
ccggcatggg ctctcgagac gccccgcgac tgtggcttct gacccgcggc gcacaggccg 20280 
tcggcgccgg cgacgtcccc gcgacacagg caccgctgct ggggctgggc cgcgtcatcg 20340 
ccatggagca cgcggacctg cgccgcgctc gggtcgacct cgacccagcc cggcccgagg 20400 
gggagcccgc cgccctgctg gccgagccgc cggccgacga cgccgaagcg gaagtcgcgt 20460 
cgcgcggtgg cgagcgacgc gccgctcgga tcgcccgccg gcagcccgag acccggcccc 20520 
gggggaggat cgagagccgc gttccgaccg acgtcaccac ccgcgcggac agcacccacc 20580 
crgtgaccgg cggcccgggt gggcccggcc tgagcgcggc cggacggccg gccgagcgcg 20640 
gcgccggtca cccggtgctg gcgggccgct ccggcgcggc gagcgtggag caacgggcag 20700 
ccgccgcggc gcccgaggcc cgcggcgcgc gcgtcaccgt ggcgaaggcg gacgtcgccg 20760 
accgggcgca gcccgagcgg accctccgcg aggtcaccac gtcggggatg ccgctgcggg 20820 
gcgtcgtcca cgcggccggc accctggacg acgggccgcc gatgcagcag acccccgcgc 20880 
ggtLtcgcaa ggcgatggcg cccaaggtcc agggggcctc gcacccgcac gcgtcgacgc 20940 
gcgaagcgcc gctttccttc ttcgtgccgt acgctccggg agtagggctc tcgggcccgc 21000 
cgggccaggg caactacgcc gcggccaaca cgttccccga cgccctggcg caccaccgga 21060 
gggcgcaggg gctgccagcg ccgagcgtcg actggggcct gttcgcggag gtgggcatgg 21120 
cggccgcgca ggaagaccgc ggcgcgcggc tggtctcccg cggaacgcgg agccccaccc 21180 
ccgacgaggg gctgtccgcc ccggcacggc tgcccgaaag cggccgcgcc caggcggggg 21240 
tgatgccggc gaacccgcgg ccgtgggtgg agctccaccc cgcggcggcg tcctcgcgaa 21300 
cgtcgcegcg cccggcgacg gcgcatcgcg cgagcgccgg cgggccagcc ggggacgggg 21360 
acctgctccg ccgccccgcc gccgccgagc cgagcgcgcg gagcgcgctc ctggagccgc 21420 
ccctccgcgc gcagaccccg caggcgccgc gcctccccga gggcaagacc gaggtggacg 21480 
ccccgctcac gagcccgggc acgaactcgc tgatggggcc cgagccgcgc aaccgcaccg 21540 
aggccatgcc gggcaccacc gcaccggcaa cgccgtcgcg gacctatccc acggtggcgg 21600 
cgccgagcgg gcatccggcg cgggaggcat gcgaagccgc tcctgtggag tcaccgcaca 21660 
ccaccgccga ctctgccgtc gagatcgagg agacgtcgca ggacgatctg acgcagccga 21720 
ccgcagcaaa acccaaggcg cttacacgac tacccgcggc cccacggcac agcagaatcc 21780 
gctgaaacaa gcggccatca tcattcagcg gctggaggag cggcccgctg ggctcgcaca 21840 
ggcggagctg gaacggaccg agccgaccgc catcgtcggc atcggccgcc gcttccccgg 21900 
cggcgcggac gctccggaag cgtttcggga gctgctcgac gcggagcgcg acgcggccca 21960 
gccgcccgac acgcgccggg cgctggcggg tgtcgccccc gccgaggccg tgccgcaccg 22020 
ggcggggccg cccaccgagc cgatagattg cctcgatgct gcgccccccg gcacctcgcc 22080 
ucgggaggcg cgaccgcccg acccgcagca tcgtccgtcg ctggaggccg cccgggaggg 22140 
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gctcgaggac gccggtatcc cgccccggtc catcgacggg agccgcaccg gtgtgttcgt 22200 
cggcgctttc acggcggact acgcgcgcac ggtcgctcgg ccgccgcgcg aggagcgaga 22260 
cgcgtacagc gccaccggca acacgctcag catcgccgcc ggacggctgt cgtacacgct 22320 
ggggttgcag ggaccttgcc tgaccgtcga cacggcgtgc tcgtcatcgc cggcggcgac 22380 
ccacctcgcc tgccgcagcc tgcgcgcagg agagagcgat cccgcgttgg cgggaggggt 22440 
cagcgcgctc ctctcccccg acatgatgga agccgcggcg cgcacgcaag cgccgccgcc 22500 
cgatggccgt tgccggacct tcgatgcttc ggccaacggg ctcgtccgtg gcgagggccg 22560 
tggcctggtc gtcctcaaac ggctctccga cgcgcaacgg gatggcgacc gcatctgggc 22620 
gctgatccgg ggcccggcca ccaaccatga tggccggtcg accgggttga ccgcgcccaa 22680 
cgtgctggct caggagacgg tcttgcgcga ggcgctgcgg agcgcccacg tcgaagccgg 22740 
ggccgccgat tacgtcgaga cccacggaac agggacctcg ctgggcgacc ccaccgaggc 22800 
cgaggcgccg cgggcgacgg tggggccggc gcgctccgac ggcacacgcc gcgtgctggg 22860 
cgcggngaag accaacatcg gccatctcga ggccgcggca ggcgtagcgg gcccgaccaa 22920 
ggcagcgctt tcgctgacgc acgagcgcat cccgagaaac ctcaacntcc gcacgctcaa 22980 
cccgcggatc cggctcgagg gcagcgcgct cgcgttggcg accgagccgg tgccgtggcc 23040 
gcgcacggac cgcccgcgct tcgcgggggc gagctcgttc gggatgagcg gaacgaacgc 23100 
gcacgtggcg ccggaagagg cgccggcggt ggagctgtgg cctgccgcgc cggagcgccc 23160 
ggcggagctc ttggtgctgt cgggcaagag cgagggggcg ctcgacgcgc aggcggcgcg 23220 
gctgcgcgag cacctggaca tgcacccgga gctcgggctc ggggacgtgg cgctcagcct. 23280 
ggcgacgacg cgcagcgcga cgagccaccg gctcgcggtg gcggtgacgc cgcgcgaggg 23340 
gccgcrggcg gcgctctcgg ccgcggcgca ggggcagacg ccggcggggg cggcgcgctg 23400 
catcgcgagc tcctcgcgcg gcaagctggc gttcctgttc accggacagg gcgcgcagac 23460 
gccgggcatg ggccgggggc tctgcgcggc gtggccagcg ttccgggagg cgctcgaccg 23520 
gcgcgcggcg ctgttcgacc gggagctgga ccgcccgctg cgcgaggtga tgtgggcgga 23580 
ggcggggagc gccgagtcgt tgccgcccga ccagacggcg ttcacccagc ccgcgccctc 23640 
cgcggcggag tacgcgctga cggcgctgcg gcggtcgtgg ggcgt'agagc cggagcccct 23700 
ggctgggcat agcatcgggg agctggcggc ggcgtgcgtg gcgggggtgc rctcgctgga 23760 
agacggggcg aggcccgtgg cggcgcgcgg gcggctgacg caggggctct cggcgggcgg 23820 
cgcgacggtg tcgctcggag cgccggaggc ggaggcggcg gcggcggtgg cgccgcacgc 23880 
ggcgtcggtg tcgatcgcgg cggtcaatgg gccggagcag gtggcgaccg cgggcgcgga 23940 
gcaagcggtg caggcgaccg cggcggggtc cgcggcgcgc ggcgcgcgca ccaagcggcc 24000 
gcacgcctcg cacgcgtccc acccgccgcc gatggaaccg acgctggagg agctcgggcg 24060 
ggtggcggcg tcggtgacgc accggcggcc aagcgtcccg ccggtgagca acctgagcgg 24120 
gaaggcggtc acggacgagc tgagcgcgcc ggggtaccgg gtgcggcacg tgcgggaggc 24180 
ggcgcgcctc gcggacgggg tgaaggcgcc gcacgaagcc ggcgcgggga cgtccgtcga 24240 
agtgggcccg aagccgacgc cgctcgggct gctgccagcc tgcctgccgg aggcggagcc 24300 
gacgccgccg gcgtcgttgc gcgccgggcg cgaggaggct gcgggggtgc tcgaggcgct 24360 
gggcaggctg tgggccgccg gcggctcggt cagctggccg ggcgtcttcc ccacggccgg 24420 
gcggcgggtg ccgctgccga cccatccgcg gcagcggcag cggtactgga ccgaggcgcc 24480 
ggccgaaggg ctcggagcca cggccgccga tgcgctggcg cagtggttct accgggtgga 24540 
ccggcccgag acgcctcgct cacccgcgga cccgcggcga gcccggtccg gcgggtggct 24600 
ggtgctggcc gaccggggtg gagtcgggga ggcggccgcg gcggcgcttt cgccgcaggg 24660 
acgctcgcgc gccgcgctcc atgcgcccgc cgaggcctcc gcggttgccg agcaggtgac 24720 
ccaggccctc ggtggccgca acgaccggca gggggcgccg tacctgtggg gcctggacgc 24780 
cgccgcggag gcgggggcac cggccgaaga ggtcgccaaa gtcacccatc ctgccgcggc 24840 
gccggcgctc gcgccgactc aggcgcccgg cacggggccg cgctcacccc ggccctggat 24900 
cgcgacccga ggggcctgca cggrgggcgg cgagcctgac gctgcccccc gtcaggcggc 24960 
gctgtggggt atgggccggg tcgcggcgct agagcatccc ggctcccggg gcgggcccgt 25020 
ggacctggat ccggaggaga gcccgacgga ggtcgaggcc ctggtggccg agccgctttc 25080 
gccggacgcc gaggatcagc cggcatcccg ccaggggcgc cggcgcgcag cgcggcttgt 25140 
ggccgcccca ccggagggaa acgcagcgcc ggtgtcgctg tctgcggagg ggagttactt 25200 
ggtgacgggt gggctgggcg cccctggcct cctcgttgcg cggcggtcgg tggagcgcgg 25260 
ggcggggcac cctgtgctga ccagccggca cggattgccc gaccgcgagg aacggggccg 25320 
agatcagccg ccagaggtgc gcgcgcgcat tgcggcgacc gaggcgctgg aggcgcaggg 25380 
cgcgcgggtc accgtggcgg cggccgacgt ggccgatgcc gaaggcatgg cggcgccctt 25440 
ggcggccgcc gagccgccgc cgcggggggt agtgcacgcc gcgggtctgc ccgacgacgg 25500 
gctgccggcc caccaggacg ccggtcggct cgcccgggtg ttgcgcccca aggtggaggg 25560 
ggcatgggtg ccgcacaccc "acccgcga gcagccgctg gacctcttcg caccgttctc 25620 
ctcggcgtcg ggcgtcttcg gcccgaccgg ccagggcagc cacgcggcag gcaatgcctc 25680 
cttggacgcg ctggcggacc tccgccgaac gcaggggctc gccgccctga gcatcgcctg 25740 
gggcctgtgg gcggaggggg ggatgggctc gcaggcgcag cgccgggaac acgaggcacc 25800 
gggaaccrgg gcgacgccga cgagccgggc cctggcggcg atggaatggc tgcrcggtac 25860 
gcgcgcgacg cagcgcgtgg ccacccagac ggattgggcc catgcgggag cggcgccgcg 25920 
cgacgcgagc cgaggccgct tcrgggaccg gctggtaact gccacgaaag aggcctcccc 25980 
cccggccgcg ccagccgtgg agcgccggcg caacgcgtct gttgtggaga cccgcccggc 26040 
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gctctacgag cccgcgcgcg gcgtggtcgc cggggcgacg ggcctcaccg accagggcac 26100 
gctcgacgtg cgacgaggcc tcgccgagca gggccccgac cccccgacgg ccgcggagac 26160 
ccgcaaacgg ccccagggcg agccgggtac gccgccgccg gcgacgccag cgttcgacca 26220 
tccgaccgcg gagcggccgg tggaatactt gccgagccag gcgccggagc tgcaggaccg 26280 
caccgacgtg cggagcgccc ggctgccggc gacagaggac ccgatcgcca ccgtgggcgc 26340 
cgcctgccgc ttcccgggcg gggtcgagga cccggagccc caccggcagc tgttgaccga 26400 
gggcgtggcg gccagcaccg aggcgccggc cgaccggcgg aacggggcag acgggcgcgc 26460 
ccccggcccg ggagaggcac agagacagac ccacgcgccc aggggcggcc ctccgcgcga 26520 
ggtggagacg ctcgacgcgg cgccccccca caccccgccc cgggaggcga cgagcccgga 26580 
cccgcaacag cggccgccgc tggaagtgag ccgggaggcg accgagcgcg cgggccagga 26640 
cccgtcggcg ccgcgcgaga gccccacggg cgtgcccgcg ggcgcgggcc ccaacgaaca 26700 
tgccgagcgg gcgcaggaac tcgccgacga ggcggcgggg ccccacagcg gcaccggcaa 26760 
cacgctcagc gttgcggcgg gacggccacc acttttcccg ggcccgcacg ggccgacccc 26820 
ggctgtggac acggcgcgct cctcgccgct ggcggcgccg caccccggcc gccagagccc 26880 
gcgacggggc gagtgcgacc aagccccggc cggcggggcc aacacgccgc tcccgccgaa 26940 
gacccccgcg ccgcccccac ggacgcacgc acccccgccc ggcgggcggt gcaagacgcc 27000 
cccggccgac gcggacggct acgcgcgggc cgagggccgc gccgcggcgg cgctcaagcg 27060 
gctccccgac gcgcagcgcg accgcgaccc caccccggcg gcgacccggg gcacggcgac 27120 
caaccacgac ggcccgagca gcgggccgac agtgcccagc ggccccgccc aggaggcgcc 27180 
gccacgccag gcgccggcgc acgcaggggt ggccccggcc gacgccgacc ccgcggaacg 27240 
ccacgggacc gggacggcgc cgggcgaccc gaccgaggcg cgcgcgccga gcgacgtgca 27300 
cgggcaagcc cgccccgcgg accgaccgcc gaccctggga gccgccaagg ccaacctcgg 27360 
gcacatggag cccgcggcgg gcccggccgg cccgcccaag gcggcgcccg cgctggggca 27420 
agagcaaata ccagcccagc cggagccggg cgagcccaac ccgctcttgc cgtgggaggc 27480 
gccgccggcg gcggcggccc gcgcagcggt gccgtggccg cgcacggacc gcccgcgccc 27540 
cgcgggggtg agcccgcccg ggatgagcgg aacgaacgcg cacgtggcgc tggaagaggc 27600 
gccggcggcg gagctgtggc ctgccgcgcc ggagcgctcg gcggagccct cggcgccgcc 27660 
gggcaagagc gagggggcgc ccgacgcgca ggcggcgcgg ccgcgcgagc acccggacac 27720 
gcacccggag ctcgggcccg gggacgtggc gcccagcccg gcgacgacgc gcagcgcgac 27780 
gaaccaccgg cccgcggcgg cggcgacgtc gcgcgagggg ccgccggcgg cgccctcggc 27840 
cgcggcgcac gggcagacgc cgccgggggc ggcgcgccgc accgcgagct cgccgcgcgg 27900 
caagccggcg cccccgtcca ccggacaggg cgcgcagacg ccgggcacgg gccgggggcc 27960 
ctgcgcggcg cggccagcgt cccgggaggc gcccgaccgg cgcgtggcgc cgctcgaccg 28020 
ggagccggac cgcccgccgc gcgaggtgac gtgggcggag ccggggagcg ccgagtcgcc 28080 
gccgcccgac cagacggcgc tcacccagcc cgcgctcctc acggcggagt acgcgctgac 28140 
ggcgctgcgg cggtcgcggg gcgtagagcc ggagccggcg gccgggcaca gcgccgggga 28200 
gccggcggcg gcgcgcgcgg cgggggtgcc cccgccggaa gacggggtga ggcccgcggc 28260 
ggcgcgcggg cggccgacgc aggggccctc ggcgggcggc gcgacggcgt cgcccggagc 28320 
gccggaggcg gaggcggcgg cggcggcggc gccgcacgcg gcgccggcgt cgaccgcggc 28380 
ggccaacggg ccggagcagg cggcgaccgc gggcgcggag caagcggcgc aggcgaccgc 28440 
ggcggggccc gcggcgcgcg gcgcgcgcac caagcggccg cacgccccgc acgcgcccca 28500 
cccgccgccg acggaaccga cgctggagga gctcgggcgg gcggcggcgc cggtgacgta 28560 
ccggcggcca agcgccccgc cggcgagcaa cccgagcggg aaggcggtcg cggacgagcc 28620 
gagcgcgccg gggcaccggg tgcggcacgc gcgggaggcg gtgcgccccg cggacggggc 28680 
gaaggcgctg cacgaagccg gcgcgggcac gcccgccgaa gcgggcccga agccgacgct 28740 
gcccgggccg ccgccagccc gcccgccgga ggcggagccg acgccgctgg cgtcgttgcg 28800 
cgccgggcgc gaggaggccg cgggggcgcc cgaggcgccg ggcaggctgc gggccgccgg 28860 
cggctcggcc agccggccgg gcgccttccc cacggccggg cggcgggtgc cgccgccgac 28920 
ccacccgcgg cagcggcagc ggtaccggcc cgacaccgag cccgacagcc gccgccacgc 28980 
agccgcggac ccgacccaag gccggcccca ccgcgcggac cggccggaga cacctcgcag 29040 
cccccagaaa ccagaggagg cgagccgcgg gagccggccg gcaccggcgg acaagggcgg 29100 
agccggcgag gcggccgccg cagcgccgcc gacacgcgga cccccacgcg ccgcgctcca 29160 
cgcgccggca gagacacccg cgaccgccga gccggcgacc gaggccgccg gcggccgaag 29220 
cgaccggcag gcagcgcccc acccgcgggg cctggacgcc gtcgccggtg cggaggcgcc 29280 
gaccgacgag accggcgacg cgacccgccg cgccaccgcg ccggtgcccg gcccggctcg 29340 
gcctccgagc accgtgcctc gcccgccccg accctgggcc gcgacccggg gggcatgcat 29400 
cgccggcgac gagcccgcga ccgccccttg tcaggcggcg ccatggggca tgggccgggt 29460 
ggcggcgccc gagcaccccg gggcctgggg cgggcccgcg gacctggacc cccgagcgag 29520 
cccgccccaa gccagcccga ccgacggcga gacgcccgcc accgagccat tgccgcagga 29580 
gaccgaggac cagcccgcct cccgccacgg gcgccggcac gcggcacggc tggcggccgc 29640 
cccgccacag gggcaagcgg caccggtgcc gctgcctgcg gaggcgagcc acccggtgac 29700 
gggaggcccc ggtgggccgg gcccgaccgc ggcccagcgg ccggnggagc tgggagcgcg 29760 
gcacccggcg ccgaccagcc ggcgcgggcc gcccgaccgg caggcgtggc gcgagcagca 29820 
accgcccgag acccgcgcgc ggatcgcagc ggtcgaggcg ccggaggcgc ggggcgcacg 29880 
ggcgaccgcg gcagcggcgg acgcggccga cgccgaaccg acgacagcgc tggccccgcc 29940 
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ggtcgagccc ccgctgcgag gggtggtgca cgccgccggc gtcagcgtca cgcgtccacc 30000 
ggcggagacg gacgagaccc tgcccgagtc ggtgctccgt cccaaggcgg ccgggagctg 30060 
gctgctgcac cggctgctgc acggccggcc cctcgacctg ttcgcgctgt ccccgtcggg 30120 
cgcagcggtg tggggtagcc acagccaggg tgcgtacgcg gcggccaacg ctctccccga 30180 
cgggctcgcg catcttcggc gttcgcaatc gctgcctgcg ctgagcgtcg cgcggggtcc 30240 
gcgggccgag ggaggcacgg cggacgcgga ggctcacgca cgtctgagcg acatcggggc 30300 
cccgcccacg tcgacgtcgg cagcgttgtc ggcgctccag cgcccggtgg agaccggcgc 30360 
ggctcagcgc acggtgaccc ggacggaccg ggcgcgcttc gcgccggtgc acaccgcccg 30420 
agggcgtcgc aacctgcctt cggcgctggt cgcagggcgc gacatcatcg cgccttcccc 30480 
cccggcggca gcaacccgga actggcgcgg cctgtccgcL gcggaagccc gcgtggccct 30540 
gcacgagatc gtccacgggg ccgccgctcg ggtgctgggc ctccccgacc cgagcgcgct 30600 
cgatcctggg atggggttca acgagcaggg cctcgacccg ctgacggcgg cggagacccg 30660 
caacctcctt caggctgagc cggacgtgcg gccttcgacg acgccggccc ctgatcaccc 30720 
gacggtacag cggctggcgg agcatctgct cgtcgatgca ctgaagctgg aggaccgcag 30780 
cgacacccag cacgtccggc cgctggcgtc agacgagccc accgccatcg cgggagccgc 30840 
ctgccgcttc ccgggcgggg cggaggacct ggagtcctac tggcagctat tggccgaggg 30900 
cgcggtggtc agcgccgagg cgccggccga ccggtgggat gcggcggact ggtacgaccc 30960 
cgacccggag atcccaggcc ggacttacgt gaccaaaggc gcccccctgc gcgatttgca 31020 
gagattggat gcgaccctcc tccgcatccc gcctcgcgag gcgatgagcc tcgacccgca 31080 
gcagcggctg cccccggagg caagctggga agcgctcgag agcgcgggta tcgccccgga 31140 
cacgccgcga gatagcccca ccggggtgcr cgcgggtgcg gggcccaacg agcaccacac 31200 
gcagcggccg cgaggctcca ccgacggagc ggcagggttg tacggcggca ccgggaacat 31260 
gcccagcgct acggctggac ggctgtcgtt cttcccgggc ccgcacggcc cgacgctggc 31320 
cacggacacg gcgtgctcgt cacccctggc cgcgccgcac ctcgcctgcc agagcctgcg 31380 
actgggcgag tgcgatcaag cgctggtcgg cggggtcaac gtgctgctcg cgccggagac 31440 
ccccgtgctg cccccacgga tgcgcgcgcc ctcgcccgac gggcggtgca agacgctccc 31500 
ggccgacgcg gacggctacg cgcggggcga ggggtgcgcc gcggcggtgc ccaagcggcz 31560 
gcgcgatgcg cagcgcgccg gcgaccccat cctggcgctg acccggggaa gcgcggcgaa 31620 
ccacgacggc ccgagcagcg ggccgaccgt acccaacgga cccgcccagc aagcactgct 31680 
gcgccaggcg ccctcgcaag caggcgcgcc cccggtcgac gttgacct-g cggagtgtca 31740 
cgggacaggg acggcgccgg gcgacccgac. cgaggtgcag gcgctgagcg aggtgtatgg 31800 
cccagggcgc tccggggacc gaccgctggt gctgggggcc gccaaggcca acgccgcgca 31860 
cccggaggcg gcatictggct tggccagccc gctcaaggcc gtgcttgcgc tgcggcacga 31920 
gcagatcccg gcccagccgg agctggggga gctcaacccg cacctgccgt ggaacacgct 31980 
gccggtggcg gcgccacgta aggcggcgcc gtgggggcgc ggcgcacgcc cgcgccgggc 32040 
cggcgtgagc gcgctcgggt tgagcggaac caacgtgcat gtcgtgctgg aggaggcacc 32100 
ggaggtggag ccggcgcccg cggcgccggc gcgaccggtg gagctggccg cgccaccggc 32160 
caagagcgcg gcggcgctgg acgccgcggc ggcacggctc tcggcgcacc cgtccgcgca 32220 
cccggagccg agccccggcg acgtggcgtt cagcctggcg acgacgcgca gcccgacgga 32280 
gcaccggctc gccatcgcga cgaccccgcg cgaggccctg cgaggcgcgc cggacgccgc 32340 
ggcgcagcaa aagacgccgc agggcgcggt gcgcggcaag gccgtgcccc cacgcggcaa 32400 
gctggccttc ctgctcaccg gacagggcgc gcaaacgccg ggcatgggcc gcgggccgta 32460 
cgaaacgcgg cctgcgcccc gggaggcgct cgaccggcgc gtggcgctcc tcgaccggga 32520 
gatcgaccag cctctgcgcg aggtgacgcg ggctgcgccg ggccccgctc aggcggcgcg 32580 
gctcgaccag accgcgcacg cgcagccggc tctctttgcg ctggagcacg cgccggccgc 32640 
cccgtggcgt tcgtggggcg tggagccgca cgcactgccc ggtcacagca tcggcgagct 32700 
ggtcgccgcc tgcgtggcgg gcgcgccctc gctcgaagat gcggtgaggt tggcggccgc 32760 
gcgcgggcgg ctgatgcagg cgccacccgc cggcggtgcc acggtagcca ccgcagcgtc 32820 
cgaggccgag gcggccgccr ccgtggcgcc ccacgccgcc acggtgccga ccgccgcggt 32880 
caacggtcct gacgccgtcg cgatcgccgg cgccgaggca caggngcccg cccccggcgc 32940 
gacgtccgcg gcgcgcggga cacgcacgaa gaggctcgcc gtcccccacg cgtcccactc 33000 
gccgcccacg gatccgatgc cggaagacct ccagcgggtc gccgcgacga tcgcgtaccg 33060 
cgcgccagac cgcccggcgg cgccgaacgt caccggccac gccgcaggcc ccgagatcgc 33120 
cacgcccgag tattgggtcc ggcatgcgcg aagcgccgtg cgccccggcg acggggcaaa 33180 
ggcgtcgcac gccgcgggcg ccgccacgtc cgtcgaggct ggcccgaagc cggtcccgct 33240 
cgggccgctg ccagcgtgcc ccggggaagc ggacgcggtc ctcgtgccgc cgctacgcgc 33300 
ggaccgcccg gaatgcgagg rggcccccgc ggcgctcggg gcttggtacg cctggggggg 33360 
cgcgctcgac tggaagggcg cgccccccga tggcgcgcgc cgcgcggccc cgcccacgta 33420 
'cccacggcag cgtgagcgcc actggacgga ccccaccccg cgaagcgccg cgcccgcagg 33480 
gaccgcaggt cgctggccgc cggccggcgt cgggccctgc atgcccggcg ctgtgttgca 33540 
ccacgcgccc ccgatcggac cacgccacca gcccttcctc ggcgaccacc ccgcgcttgg 33600 
caaggcggcg gcgcccggcc cccczcacgt cgcggtgatc cccagcaccg ccgccgagcg 33660 
ccggcccgag cgggcgatcc agccgacagg cgtggagttc ctgaaggcca tcgcgatgga 33720 
gcccgaccag gaggccgagc rccacgccgt gcccaccccc gaagccgccg gggatggcca 33780 
cccgttcgag cLggcgaccc cggcggcgcc ggagaccgaa cgccgacgga cgacccacgc 33840 
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ccgcggtcgg gtgcagccga cagacggcgc gcccggcgcg ttgccgcgcc ccgaggtgct 33900 
ggaggaccgc gcgatccagc ccctcgactt cgccggattc ctcgacaggt tatcggcggt 33960 
gcggatcggc tggggtccgc tttggcgatg gctgcaggac gggcgcgtcg gcgacgaggc 34020 
ctcgcttgcc accctcgtgc cgacctatcc gaacgcccac gacgtggcgc ccttgcaccc 34080 
gatcctgctg gacaacggcc ttgcggtgag cctgctgtca acccggagcg agccggagga 34140 
cgacgggacg cccccgctgc cgttcgccgt ggaacgggtg cggtggtggc gggcgccggt 34200 
tggaagggtg cggtgtggcg gcgcgccgcg gtcgcaggca ttcggtgtct cgagcttcgt 34260 
gctggtcgac gaaactggcg aggcggccgc cgaggcggag ggatttgttt gccgccgggc 34320 
gccgcgagag gcgttcctgc ggcaggagtc gggcgcgtcg actgcagcct tgtaccgcct 34380 
cgactggccc gaagcgccct tgcccgatgc gcctgcggaa cggatcgagg agagctgggt 34440 
cgtggtggca gcacccggct cggagatggc cgcggcgccc gcaacacggc tcaaccgctg 34500 
cgtcctcgcc gaacccaaag gcctcgaggc ggccctcgcg ggggtgtctc ccgcaggtgt 34560 
gatctgcctc tgggaggctg gagcccacga ggaagctccg gcggcggcgc agcgcgtggc 34620 
gaccgagggc ctctcggtgg tgcaggcgcc cagggaccgc gcggtgcgcc tgtggtgggt 34680 
gaccatgggc gcagtggccg tcgaggccgg tgagcgggtg caggtcgcca cagcgccggt 34740 
atggggcctc ggccggacag tgacgcagga gcgcccggag ctcagctgca ctctggtgga 34800 
tccggagccg gaggccgacg cagcgcgctc agctgacgtt ctgttgcggg agctcggtcg 34860 
cgccgacgac gagacacagg tggctttccg ttccggaaag cgccgcgtag cgcggccggt 34920 
caaagcgacg acccccgaag ggctcctggt ccctgacgca gagtcctatc gactggaggc 34980 
cgggcagaag ggcacattgg accagctccg cctcgcgccg gcacagcgcc gggcacctgg 35040 
cccgggcgag gccgagatca aggtaaccgc ctcggggctc aacttccgga ccgtcctcgc 3 5100 
tgtgctggga atgtatccgg gcgacgccgg gccgacgggc ggagactgtg ccggtgtcgc 35160 
cacggcggtg ggccaggggg tgcgccacgt cgcggtcggc gatgctgtca tgacgctggg 35220 
gacgttgcat cgattcgtca cggtcgacgc gcggctggtg gtccggcagc ctgcagggct 35280 
gactcccgcg caggcagcta cggtgccggt cgcgttcctg acggcctggc tcgctccgca 35340 
cgacctgggg aatctgcggc gcggcgagcg ggcgctgatc cacgctgcgg ccggcggtgt 35400 
gggcacggcc gcggtgcaaa tcgcccgacg gataggggcc gaggtgttcg ccacggcgag 35460 
cccgtccaag cgggcagcgg ttcaggccat gggcgtgccg cgcacgcaca tcgccagctc 35520 
gcggacgccg gagtttgctg agacgctccg gcaggccacc ggcggccggg gcgcggacgc 35580 
ggtgctcaac gcgctggccg gcgagtccgc ggacgcgagc ctgtccctgc cgccgacggg 3 5640 
cgggcggttc ctcgagacgg gcaagaccga cacacgggat cgagccgcgg ccgcggcggc 35700 
gcaccccggt gttcgctatc gggtattcga caccccggag cccgctccgg accgaactcg 35760 
agagatcctc gagcgcgtgg ccgagggcct tgctgcggga catccgcgcg cattgccggc 35820 
gcacgcgctc gcgatcacca aggccgaggc agcgtttcgg ctcatggcgc aagcgcggca 35880 
ccagggcaag gtcgtgctgc tgccggcgcc ctccgcagcg cccttggcgc cgacgggcac 35940 
cgcaccgccg accggcgggc tgggagcgtt ggggctccac gtggcccgct ggctcgccca 36000 
gcagggcgcg ccgcacatgg cgctcacagg tcggcggggc ctggatacgc cgggcgctgc 36060 
caaagccgtc gcggagatcg aagcgctcgg cgctcgggtg acgatcgcgg cgtcggatgt 36120 
cgccgaccgg aatgcgctgg aggctgcgct ccaggccatt ccggcggagc ggccgccaca 36180 
gggcgtgacc catgcagccg gagcgcccga tgacggcgcg cttgatgagc agaccaccga 3 6240 
ccgcttctcg cgggtgctgg caccgaaggt gactggcgcc tggaacccgc atgagcccac 36300 
ggcgggcaac gatcccgctt tcttcgtgcc gccctccccc acgccggggc tcttgggctc 36360 
ggccgggcag tccaactatg cggcggccaa cacctccccc gacgcgccgg ccgcgcaccg 36420 
gcgggccgaa ggcctggcgg cgcagagcct cgcgtggggc ccatggtcgg acggaggcat 36480 
ggcagcgggg ctcagcgcgg cgctgcaggc gcggctcgct cggcacggga tgggagccct 3 6540 
gccgccggct cagggcaccg cgctgctcgg gcaggcgctg gctcggccgg aaacgcagcc 36600 
cggggcgatg tcgcccgacg tgcgtgcggc aagccaagct tcgggagcgg cagtgccgcc 36660 
tgtgtggcgc gcgttggtgc gcgcggaggc gcgccatacg gcggctgggg cgcagggggc 36720 
attggccgcg cgtcttgggg cgctgcccga ggcgcgccgc gccgacgagg tgcgcaaggt 36780 
cgtgcaggcc gagatcgcgc gcgtgctttc atggagcgcc gcgagcgccg tgcccgtcga 3 6840 
tcggccgctg tcggacttgg gcctcgactc gctcacggcg gtggagctgc gcaacgtgct 36900 
cggccagcgg gcgggcgcga cgctgccggc gacgctggca ttcgatcacc cgacggtcga 3 6960 
cgcgctcacg cgccggccgc tcgataaggt cctggccgtg gccgagccga gcgtaccgtc 37020 
cgcaaagtcg tcgccgcagg tcgccctcga cgagcccatt gccatcatcg gcatcggctg 37080 
ccgtttccca ggcggcgtgg ccgatccgga gtcgttttgg cggctgctcg aagagggcag 37140 
cgatgccgtc gtcgaggtgc cgcatgagcg atgggacatc gacgcgttct atgatccgga 37200 
tccggacgtg cgcggcaaga tgacgacacg ctttggcggc ttcctgtccg atatcgaccg 37260 
gttcgatccg gccttcttcg gcatctcgcc gcgcgaagcg acgaccatgg atccgcagca 37320 
gcggctgctc ctggagacga gctgggaggc gttcgagcgc gccgggattt tgcccgagcg 37380 
gctgatgggc agcgataccg gcgtgttcgt ggggctcttc taccaggagt acgctgcgct 37440 
cgccggcggc atcgaggcgt tcgatggcta tctaggcacc ggcaccacgg ccagcgtcgc 37500 
ctcgggcagg acccctcatg tgctcgggct aaaggggccg agcctgacgg tggacaccgc 37560 
gtgctcctcg tcgctggtcg cggtgcacct ggcctgccag gcgctgcggc ggggcgagtg 37620 
cccggtggcg ctggccggcg gcgtggcgct gatgctcacg ccggcgacgt tcgtggagtt 37680 
cagccggctg cgaggcctgg ctcccgacgg acggtgcaag agcttctcgg ccgcagccga 37740 
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cggcgtgggg tggagcgaag gctgcgccac gctcctgccc aaaccgctcc gcgatgcgca 37800 
gcgcgatggg gatccgaccc cggcggtgat ccgcggcacc gcggtgaacc aggatgggcg 37860 
cagcaacggg ctgacggcgc ccaacgggtc gccgcagcaa gaggcgaccc gccgggcccc 37920 
ggagcaggcg gggccggccc cggcggacgt cagctacgtc gagcgccacg gcaccggcac 37980 
gacgttgggc gaccccatcg aagtgcaggc cctgggcgcc gtgccggcac aggggcgacc 38040 
ctcggaccgg ccgcccgtga tcgggccggt gaagtccaac atcggacaca cgcaggctgc 38100 
ggcgggcgtg gccggcgcca ccaaggtggc gctggcgccc gagcgcgggc tcaccccgag 38160 
gagcctgcat ttcgacgcgc ccaacccgca cattccgtgg ccggagctcg ccgtgcaggc 38220 
ggccgccaaa cccgccgaac ggacgagaaa cggcgtgccg cgacgagccg gggcgagccc 38280 
gtttggcgtc agcgggacca acgcgcacgt ggcgctggag gaggcgccag cggcggcgct 38340 
cgcgcccgcg gcggcgcgcc cagcggagct cttcgcgctg ccggcgaaga gcgccgcggc 38400 
gccggacgcg caggcggcgc ggccttcggc gcacgtcgtc gcgcacccgg agctcggcct 38460 
cggcgacctg gcgttcagcc tggcgacgac ccgcagcccg atgacgtacc ggctcgcggc 38520 
ggcggcgacc tcgcgcgagg cgctgcctgc cgcgctcgac acagcggcgc aggggcaggc 38580 
gccgcccgca gcggcccgcg gccacgcttc cacaggcagc gccccaaagg tggttttcgc 38640 
ccctcctggc cagggccccc agtggccggg catgggccaa aagcccccct cggaggagcc 38700 
cgccttccgc gacgcgccct cggcgtgtga ccgagcgatt caggccgaag ccggctggcc 38760 
gccgcccgcc gagctcgcgg ccgatgagac cacctcgcag ctcggccgca tcgacgtggt 38820 
gcagccggcg ccgctcgcga tcgaggccgc gctgccggcg ccgcggcggc cgcggggcgt 38880 
cgagccggac gcagcggcag gccacagcac gggcgaagtg gcggccgcgc acgccgccgg 38940 
cgccccgccg cccgaggacg ccgcagcgat catccgccgg cgcagcccgc cgccgcggcg 39000 
gaccagcggc caaggcgaga cggcggccgt cgagccctcc ccggccgagg ccgaggcagc 39060 
gctcccgggc tacgaagacc ggcccagcgc ggcggtgagc aacagcccgc gcccgacggc 39120 
gccggcgggc gagccggcag cgctcgcaga ggtgccggcg acccctgcgg caaagggggc 39180 
gccctgccgt cgagccaagg cggacgtcgc cagccacagc ccacagaccg acccgctgcg 39240 
cgacgagcta ttggcagcat cgggcgagct cgagccgcga caagcgaccg tgtcgatgcg 39300 
ctcgacggcg acgagcacga ccacggcggg cccggagctc gcggcgagct accgggcgga 39360 
caacgctcga cagccggcgc gcctcgccga agcggtgcaa ccgccgacgg aagacggcca 39420 
cgggccgtcc gtggagacga gcccgcatcc gaccctgacg acaccggccg aggagacccg 39480 
acgggcgacg aagcgggagg gagccgcggt gggctcgccg cggcgcggac aggacgagcg 39540 
cctgcccacg ctggaggcgc cgggagcgcc ccgggtacac ggccaggcgg cgggctggga 39600 
gcggctgccc tccgcgggcg gcgcgggcct ccgtcgcgcg ccgccgccga cccacccctg 39660 
gcagcgcgag cggtactggg tcgacgcgcc gaccggcggc gcggcgggcg gcagccgccc 39720 
cgcccatgcg ggcagtcacc cgctcccggg tgaaatgcag accctgccga cccagaggag 39780 
cacgcgcgcg tgggagacga cgccggatcc caaacggccg ccgtggctcg gcgatcaccg 39840 
ggcgcagggg gcggccgcgt ccccgggcgc ggcgtacctg gagacggcgc cctcgcccgg 39900 
ggccgaggcc ttgggcgacg gcccgcccca ggtcagcgac gcggcgctcg ccgaggcgcc 39960 
ggcccccgcg gacgatacgc cggcggcggc gcaggtcatg gcgaccgagg agcgaccagg 40020 
ccgcccgcaa ccccacgccg cgagccgggc gccgggccac ggcggtgctg ccctccgaag 40080 
ccacgcccgc ggggcgccgc gccagaccga gcgcgccgag gccccggcga ggctggacct 40140 
ggccgcgcct cgcgcccggc ctcaggccag cgcacccgcc gcggccaccc acgcggcgcc 40200 
ggccgagacg gggctcgagc acggcccagc gctccagggg cctgccgagc tgcggcgggg 40260 
ggagggcgag gcgccgggac gtgtgcggct ccccgaggcc gccggctccc cagccgcgcg 40320 
ccggccccac cccgcgccct cggacgcgtg cttccacgcg agcagcgcct ccgccgaccg 40380 
cggcgaggcg acgccatggg cacccgtgga aaccggctcg ccgcggcggt tccagcggcc 40440 
gccgggggag ccgtggtgcc atgcgcggag tgtgagccac ggaaagccaa cacccgaccg 40500 
gcggagtacc gacttctggg tggccgacag cacgggcgcg accgccgccg agatccccgg 40560 
gcccgcggcg cagcggcccg cgggaggtgc acgccggcgc gaagaagacg actggctcat 40620 
ggagccggct cgggaaccga ccgcggcccc cggatccgag gccacggcgg gccggcggct 40680 
gcccaccggc tcgggcggcg ggcccggcgc cgcgctccac ccggcgccga cggaagccgg 40740 
ccactccgtc gcccacgcga cagggcgcgg cacgagcgcc gccgggccgc aggcaccccc 40800 
gacggcgccc cccgacggcc aggccccgac gccggtggcg cacctcggca gccccgacga 40860 
gcgcggcgtg cccgacgcgg acgccccctt cgacgccgac gcgctcgagg agccgctggt 40920 
gcgcggctgc gacagcgcgc cccggaccgc gcaggccgcg gccggggcgg gcctccgaga 40980 
ccccccgcgg ccgcggcccg cgacacgcgg cgctcaggcc accggcgccg gcgacgtctc 41040 
cgtggcgcaa gcgccgcccc cggggctggg ccgcgttatc gccttggagc acgccgagct 41100 
gcgccgcgcc cggaccgacc tcgacccagc gcggcgcgac ggagaagccg atgagctgct 41160 
cgccgagccg tcggccgacg acgccgagga ggaagccgcg tcccgcggcg gtgagcggcg 41220 
cgcggcccgg cccgcccgaa ggccgcccga gaccgaccgc cgagagaaaa ccgagcccgc 41280 
ggaaggccgg ccgccccggc cggagatcga cgggtccggc gcgcccgacg acctggtgct 41340 
ccgagccacg gagcggcgcc cccctggccc gggcgaggcc gagaccgccg tcgaggcggc 41400 
ggggctcaac cctcccgacg cgacgagggc catggggacc caccccgggc ccggggacgg 41460 
cccggccgcg ccgggcgccg agcgccccgg ccgaatcgcc gcgacgggcg aaggcgtcga 41520 
gagcccccgc accggccagg acgccgcggc cgccgcgccc ctcagtctcg gcacccacgc 41580 
caccaccgac gcccggacgc ccgcaccccg ccccgcggcg ctgacggccg cgcaggcagc 41640 
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cgcgctgccc gtcgcattca tgacggcctg gtacggtctc gcccatctgg ggaggctccg 417.00 
ggccggcgag cgcgtgctca tccactcggc gacggggggc accgggctcg ccgctgcgca 41760 
gaccgcccgc cacctcggcg cggagatacc cgcgaccgcc ggtacaccgg agaagcgggc 41820 
gcggccgcgc gagcagggga tcgcgcacgt gacggacccg cggtcgctgg accccgccga 41880 
gcaagtgctg gccgcgacga agggcgaggg ggtcgacgtc gtgttgaact cgccgtccgg 41940 
cgccgcgatc gacgcgagcc tttcgaccct cgtgccggac ggccgctcca tcgagctcgg 42000 
caagacggac atctatgcag atcgcccgcc ggggctcgct cacttcagga agagcccgcc 42060 
ctacagcgcc gtcgatcttg cgggctcggc cgcgcgccgg cccgagcgcg ccgcagcgct 42120 
gctggcggag gtggtggacc cgcccgcacg gggagcgctg cagccgcctc cggcagagat 42180 
cclccccccc tcgcgggccg cggacgcgcc ccggaaaatg gcgcaagcgc agcatctcgg 42240 
gaagctcgcg ctcgcgctgg aggacccgga cgtgcggatc cgcgtcccgg gcgaacccgg 42300 
cgtcgccatc cgcgcggacg gcgcctaccc cgtgaccggc ggtctggggg ggcccggtcc 42360 
gagcgcggct ggatggctgg ccgagcaggg ggctgggcat ccggtgctgg tgggccgctc 42420 
cggcgcggcg agcgcggagc agcagacggc tgtcgccgcg ctcgaggcgc acggcgcgcg 42480 
cgtcacggca gcgagggcag acgtcgccga tcgggcgcag atggagcgga ccccccgcga 42540 
ggccaccgcg tcggggatgc cgccccgcgg cgtcgctcac gcggccggaa tcctggacga 42600 
cgggccgctg atgcagcaaa cccccgcgcg gttccgcgcg gtcatggcgc ccaaggtccg 42660 
aggggccccg cacctgcatg cgctgacacg cgaagcgccg ctctcccccc tcgcgccgta 42720 
cgcctcggga gcagggctct tgggctcgcc gggccagggc aactacgccg cggccaacac 42780 
cttccccgac gcaccggcac accaccggag ggcgcagggg ccgccagcat tgagcaccga 42840 
ccggggcccg ctcgcggacg cgggctcggc cgccgggcag caaaatcgcg gcgcacggct 42900 
ggccacccgc gggacgcgga gccccacccc cgacgaaggg ctgtgggcgc ccgagcgccc 42960 
gcccgacggc gatcgcaccc aggccggggc cacgccgctc gacgtgcggc agcgggcgga 43020 
gccccacccg gcggcggcat ctccgcggag gccgtcgcgg ctcatgacgg cacggcgcgc 43080 
ggcccccggt cggctcgccg gggaccggga cccgcccgaa cggcccgcca ccgccgaggc 43140 
gggcgcgcgg gcagggatgc cgcaggaggc cgcgcgcgcg caggtctcgc aggcgccgcg 43200 
cccccccgaa ggcaagcccg acgcggacgc gccgcccacg agcccgggaa cggacccgcc 43260 
gacggggcca gagctgcgca accgcaccga ggccgcgccc ggcatcacca cgccggcgac 43320 
cccgctgcgg acctacccca cggcggcagc gccgagcgcg cacccggcct cccacgccgc 43380 
ccccacgggg gacggggaac ccgcgcgccc gccggacaca gggagcgtgg ccccaacgac 43440 
ccacgaagcc gccccgcccg acgaagacgg gccgcccgcg ccgaccgacg agccacccgc 43500 
gcgcgcggga aagaggtgac cgcgcgacag accgagaagg ccagcccctg gagcgcccgc 43560 
gcgaggccac cctggcccct cgcaagacgc cgaacgagcg cgataccccg gagcccgaga 43620 
agaccgagcc gatcgccatc gcggggaccg gctgccgccc ccccggcgga gcgggcactc 43680 
cggaggcgtt ccgggagccg ctcgacgacg ggcgcgacgc gacccggccg ctcgaggagc 43740 
gccgggcgct cgtaggtgtc gacccaggcg acgacgtacc gcgccgggcg gggccgccca 43800 
ccgaggccac cgacggcccc gacgccgcgt tcctcggcat cgccccccgg gaggcacggc 43860 
cgcccgaccc gcagcatcgc ccgccgctgg aggccgcccg ggaggggttc gaagacgccg 43920 
gcaccccgcc caggtccccc gtcgggagcc gcaccggcgt gcccgccggc gcccgcgcca 43980 
cggagcaccc ccacgccgcc gccgcgcacc agccgcgcga agagcgggac gcgcacagca 44040 
ccaccggcaa cacgctcagc accgccgccg gacggctacc gcacacgccg gggccgcagg 441.00 
gaccccgccc gaccgtcgat acggcgcgcc cgtcaccgct ggtggccatt caccccgccc 44160 
gccgcagccc gcgcgcccga gagagcgacc tcgcgctggc gggaggggcc aacacgcccc 44220 
ccccccccga cacgatgcga gctccggcgc gcacccaggc gctgtcgccc aacggccgcc 44280 
gccagacccc cgacgcgtcg gccaacgggc ccgtccgcgg ggagggccgc ggcccgaccg 44340 
tgctcaagcg accgagcgac gcgcggcggg acggggaccg gatccgggcg ctgatccgag 44400 
gaccggccac caaccaggac ggccggtcga cggggccgac ggcgcccaac gtgcccgccc 44460 
agggggcgct cccgcgcgag gcgccgcgga acgccggcgt cgaggccgag gccaccggcc 44520 
acaccgagac ccacggggcg gcaaccccgc cgggcgaccc caccgagatc gaagcgccgc 44580 
gcgccgtggt ggggccggcg cgagccgacg gagcgcgccg cgcgccgggc gcggtgaaga 44640 
ccaacctcgg ccacccggag ggcgccgccg gcgcggcggg cccgaccaag gcgacgcccc 44700 
cgccacacca cgagcgcatc ccgaggaacc ccaacctccg cacgcccaac ccgcggaccc 44760 
ggaccgaggg gaccgcgctc gcgccggcga ccgaaccggt gccctggccg cggacgggcc 44820 
ggacgcgcct cgcgggagtg agcccgcccg ggatgagcgg gaccaacgcg cacgcggcgt 44880 
cggaggaggc gccggcggcg gagcctgagg ccgcggcccc cgagcgcgca gcggagccgc 44940 
ccgccctgcc ggcgaagagc gcggcggcgc tggatgcgca ggcagcccgg ccgcgggacc 45000 
acctggagaa gcacgtcgag cctggccccg gcgatgcggc gctcagcctg gcgacgacgc 45060 
gcagcgcgac ggagcaccgg ccggcggcgg ccgcgagctc gcgcgaggcg ccgcgagggg 45120 
cgcctccggc cgcagcgcag gggcacacgc cgccgggagc cgcgcgtggg cgggccccgg 45180 
gcggcagcgc gccgaaggtg gccctcgcgt ctcccggtca gggctcgcag tgggcgggca 45240 
igggccgaaa gctcacggcc gaagagccgg tcttccgggc ggcgctggag ggtxgcgacc 45300 
gggccatcga ggcggaagcg ggctggccgc cgctcgggga gcnctccgcc gacgaggccg 45360 
ccccgcagct cgggcgcacc gacgcggtcc agccggcgct cttcgccacg gaagcagcgc 45420 
ctcccgcgcc gtggcggccg cggggagcgg agccggaagc ggtggtgggc cacagcacgg 45480 
gcgaggttgc ggcggcgcac gcggccggcg cgccgtcgct cgaggacgcg gtggcgatca 45540 
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cctgccggcg cagccggccg ctgcggcgga tcagcggtca gggggagatg gcgccggccg 45600 
agccgccgcc ggaggaggcc gaggcggcgc tgcgcggcca tgagggccgg ccgagcgcgg 45660 
cggcgagcaa cagcccgcgc tcgaccgtgc tcgccggcga gccggcggcg ccctcggagg 45720 
cgctggcggc gccgacggcc aagggggtgt tctggcggca ggtgaaggtg gacgtcgcca 45780 
gccatagccc gcaggccgac ccgctgcgcg aagagccgat cgcggcgctg ggagcgaccc 45840 
ggccgcgagc ggccgcggcg ccgacgcgct cgacggcgac gggcggggcg atcgcgggtc 45900 
cggagctcgg tgcgagccac tgggcggaca acctccggca gccggtgcgc ctcgctgcgg 45960 
cggcgcaagc gctgctggag ggtggccccg cgccgtccat cgagacgagc ccgcacccga 46020 
ccccggtgcc gcccctggac gagacccaga cggcggccga gcaagggggc gccgcggtgg 46080 
gctcgctgcg gcgagggcag gacgagcgcg cgacgctgct ggaggcgccg gggacgctgc 46140 
gggcgcccgg ctacccggcg agctgggctc ggctgtcccc cgcgggcggc aggcgggttc 46200 
cgctgccgac ccacccccgg cagcacgagc ggcgccggac cgaggtcgag cctgacgccc 46260 
gccgcctcgc cgcagccgac cccaccaagg actggctcca ccgaacggac cggcccgagg 46320 
tgccccgcgc cgccccgaaa tcggagacag ctcacgggag ctggctgctg ttggccgaca 46380 
ggggcggggc cggcgaggcg gccgctgcag cgccgtcgac gcgcggacCC ccccgcaccg 46440 
tgccccacgc gccggccgac gcctccaccg tcgccgagca ggcacccgaa gctgccagtc 46500 
gccgaaacga ccggcaggga gtcctctacc tgtggggccc cgacgccgcc gccgacgccg 46560 
gggcatcggc cgacgaagtc agcgaggcta cccgccgcgc caccgcaccc gtccttgggc 46620 
cggcccgatt cccgagcgcc gcgccccatc ctcctcgctt ctgggcggcg acccgcgggg 46680 
cacgcacggc gggcggcgag ccagaggccc ctccctgcca agcggcgccg cggggcctcg 4 6740 
cgcgcgtcgc ggcgctggag caccccgccg cccggggcgg cctcgcggac ctggaccccc 46800 
agaagagccc gacggagatc gagcccccgg cggccgagct gccctcgccg gacgccgagg 4 6860 
atcaactggc gtcccgcagc ggtcgcaggc acgcagcacg ccccgcagcc gccccgccgg 46920 
agggcgacgc cgcaccgata ccgccgcccg cggaggggag ccacctggcg acgggcgggc 46980 
cgggcggcct tggcccgctc gcggcccggt ggccggcgga gcggggagcc cgacatctgg 47040 
tgctcaccag ccggcacggg ctgccagagc gacaggcgcc gggcggagag cagccgccgg 47100 
aggcccgcgc gcgcaccgca gcggtcgagg ggctggaagc gcagggcgcg cgggcgaccg 47160 
cggcagcggt ggacgccgcc gaggccgacc ccacgacggc gccgccggcc gccaccgagc 47220 
ccccgtcgcg cggggcggcg cacgccgccg gcgtcttccc cgcgcgtcac ctggcggaga 47280 
cggacgaggc cccgccggag ccggcgctcc gccccaaggt ggccgggagc tggccgctgc 47340 
accggctgct gcgcgaccgg cctcccgacc cgttcgcgcc gcccccgccg ggcgcggcgg 47400 
tgtggggtgg caaaggccaa ggcgcatacg ccgcggccaa tgcgtccccc gacgggctcg 47460 
cgcaccatcg ccgcgcgcac tcgctgccgg cgttgagcct cgcccggggc ttatgggccg 47520 
agggaggcat ggctgatgca aaggctcacg cacgtctgag cgacaccggg gtcccgccca 47580 
cggccacggg gccggccttg tcggcgctgg agcgcccggc gaacaccagc gctgcccagc 47640 
gcccggccac acggacggac tgggcgcgct ccgcgccggc ctatgccgcg cgagggcggc 47700 
gcaactcgcc tccggccccg gccgcggagg acgagcgcgc cgcgcctccc ccggcgccga 47760 
cggcaaaccg gatctggcgc ggcccgtccg ttgcggagag ccgctcagcc ccctacgagc 47820 
tcgcccgcgg caccgtcgcc cgggcgccgg gcccccccga cccgggcgcg ctcgacgccg 47880 
gccgaggcct cgccgagcag gggcccgacc ccccgacggc tccggagacc cgcaaccgcc 47940 
ctcagcgcga gccgggcgaa cggccgccgg cgactctggc cctcgaccac ccgacggtgg 48000 
agcggctggc ggcgcacccc ctcaccgacg cgccgaagcc ggaggaccgg agcgacaccc 48060 
ggcacacccg gccggcggcg gcggacgacg acatcgccac cgccggcgcc gcctgccggt 48120 
ccccaggcgg ggacgagggc ccggagacac accggcggca tccggccgag ggcacggcgg 48180 
ccagcaccga ggcgccagcc gaccggtggc gcgcggcgga ccggcacgac cccgacccgg 48240 
aggccccggg ccggacccac gcggccaagg gcgccctccc ccgcgacgcg cgcagctcgg 48300 
acgcggcgcc ccccgccacc cccccccgcg aggcgacgag cccggacccg caacagcggc 48360 
cgccgctgga ggcgagccgg gaggcgaccg agcgcgccgg ccaggacccg acggcgccgc 48420 
gcgagagcgc cacgggcgcg ctcgcgggca cgaccgggag cgagcacgcc gagcgggcgc 48480 
agggccccga cgacgacgcg gcgctgccgc acggcaccac cggcaacccg cccagcgccg 48540 
ccgccggacg gccgccgccc ctcccgggcc tgcacggccc gacgacgacg gcggacaccg 48600 
cccgcccgtc gccgccggcg gcgctgcacc tcgcctgcca gagcccgcga ccgggcgagc 48660 
gcgaccaggc cccggccggc gggcccagcg tgcttttgcc gccgcggcca cccgccgcgg 48720 
cgtcgcgcac gcgcccgctc ccgccagatg ggcggcgcaa gacgctctcg gccgccgcag 48780 
acggccttgc gcgggccgag ggccgcgccg cggcggcgcc caagcggccc cgtgacgcgc 48840 
agcgcgaccg cgaccccacc ctggcggtgg ccaggagcac ggcgaccaac cacgacggcc 48900 
cgagcagcgg gcccacggcg cccagcggtc ccgcccagca ggcgccgcca cgccaggcgc 48960 
cggcgcaagc gggcgcggcg ccggccgagg tcgacctcgt ggagcgccac gggacgggga 49020 
cagcgccggg cgacccgacc gaggtgcagg cgccgggcgc ggcgcacggg cggggccgcc 49080 
ccgcggagcg gccgccccgg ctgggcgccg tcaaggccaa ccccggccac ctggaggccg 49140 
cggcgggcct ggccggcgcg cccaaggcgc ccccggcgcc ggagcacgag cagaccccgg 49200 
cccaaccgga gcccgacgag cccaacccgc acaccccgcg ggcagagccg ccagcggccg 49260 
ccgcccgcag ggcggccccc cggccgcgcg gcgcgcgccc gcgtcgcgca ggcgcgagcg 49320 
cccccggccc aagcgggacc aacgcgcacg cggcgccgga ggaggcgccg gcggcggagc 49380 
ccgcggccgc ggcccccgag cgcgcagcgg agctgcccgc cccgtcggcg aagagcgcgg 49440 
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cggcgccgga cgcgcaggca gcccggccgc gggaccaccc ggagaagcac gccgagcccg 49500 
gcctcggcga cgcggcgccc agcccggcga cgacgcgcag cgcgacggag caccggccgg 49560 
cggcggccgc gagctcgcgc gaggcgctgc gaggggcgct cccggccgca gcgcaggggc 49620 
acacgccgcc gggagccgtg cgcgggcggg ccccgggcgg cagcgcgccg aaggtggtct 49680 
ccgcgccccc cggccagggc ccgcagcggg cgggcacggg ccgaaagccc acggccgaag 49740 
agccggcccc ccgggcggcg ccggagggtc gcgaccgggc caccgaggcg gaagcgggcc 49800 
ggtcgctgct cggggagctc tccgccgacg aggccgcctc gcagcccggg cgcaccgacg 49860 
cggcccagcc ggtgctgttc gccatggaag tagcgctttc cgcgccgcgg cggccgcggg 49920 
gagtggagcc ggaagcggtg gcgggccaca gcatgggcga ggccgcggcg gcgcacgcgg 49980 
ccggcgcgcc gccgcccgag gacgcggcgg cgaccacccg ccggcgcagc cggctgctgc 50040 
ggcggaccag cggtcagggg gagacggcgc cggccgagcc gtcgctggag gaggccgagg 50100 
cggcgctgcg cggccatgag ggccggccga gcgcggcggc gagcaacagc ccgcgctcga 50160 
ccgtgctcgc cggcgagccg gcggcgcccc cggaggcgcc ggcggcgccg acggccaagg 50220 
gggcgccccg gcggcaggtg aaggcggacg tcgccagcca tagcccgcag gccgacccgc 50280 
cgcgcgaaga gctgatcgcg gcgctgggag cgatccggcc gcgagcggct gcggtgccga 50340 
tgcgcccgac ggtgacgggc ggggcgaccg cgggtccgga gcccggcgcg agccaccggg 50400 
cggacaacct tcggcagccg gcgcgccccg ccgcggcggc gcaagcgccg ccggagggcg 50460 
gccccgcgcc gttcatcgag atgagcccgc acccgacccc ggcgccgccc ccggacgaga 50520 
cccagacggc ggccgagcaa gggggcgccg cggcgggccc gccgcggcga gggcaggacg 50580 
agcgcgcgac gccgccggag gcgctgggga cgccgcgggc gcccggccac ccggcgagcc 50640 
gggcccggcc gccccccgcg ggcggcaggc gggccccgcc gccgacctat ccccggcagc 50700 
acgagcggca ccggaccgag gacagcgcgc acgggtcgaa gcccccgccg cggccccggc 50760 
agccccgcaa cggcgccacg gaccacccgc tgctcggggc cccaccgccc gccccggcgc 50820 
gacccggagc ccacccgcgg gagcaagcgc tgagcgacga gaggctatcc caccccccgg 50880 
aacacagggc ccacggcgaa gccgcgttgc ccagcgcggc gcacgcagag acggcgcccg 50940 
ccgccggcgt agacccccac ggcacggcga cgccggcgcc ggagcagctg gcgcccgagc 51000 
gagcccccgc cgtgcccccc gaaggcggac gcatcgtgca agcggccccc agcgaagaag 51060 
gccccggccg ggcctcattc caggcaccga gtcgtgagga ggcaggcagg agccgggcgc 51120 
ggcacgccac ggggcacgtg tgtagcggcc agagctcagc ggtgggagcg ccgaaggaag 51180 
ccccgcggga gacccaacgg cgacgcccga gcgtcctgtc gtcggaggcg ccccacccgc 51240 
cgcccaacga gcacgccctc gaccacggcc cccgcttcca gggcgtggag caggcgcggc 51300 
ccggcacggg ggaggtgccc ggccgggcac gcccgccagg agacacggca cccccaagcg 51360 
gcgcctaccg gacccacccc gccccgccgg acgcacgccc ccaggcgccg acagcgccgc 51420 
ccaccacgcc ggaatccatc gagacccgga ggcggctgac ggacccccac gaaccggacc 51480 
ccccgcggcc cagggctccg gcgaaccaag cggtgagtga cacccggccg tgggacgccg 51540 
cgccggacgg cggacggcgc cagagcgcga gcgcgcccgc cgacctggtg cccggcagcc 51600 
cccacgcgaa gcgggaggcc atggagcgcc ccgcgcaggc gcacaccacc ggcacccccc 51660 
gcacacggaa cgtcttctgc gccgccggag agcgccacac gatagacgag ccgcccgcca 51720 
ggccccaaac ccccgccgcc cacaggaagg ccaccaagcg acggacggaa caccccgccg 51780 
cgaccggcac ccccgcaggg gacggagagc accccgcgag cccccagccg ccgccggagc 51840 
ccgacccggc ggcggcgccc gaggaggccg ggagggtgtt cgccgacccc ccagccccac 51900 
ccgagcggcg caagcccgcc ggggaacggc ccgcggacgc accgaccggc aagacgcccg 51960 
cgcccgagac cccccccccc ggcggcccgc ccgacacggc ggagcgaacc caccgagacc 52020 
cgcccaccgc ccgccacccg aacggcaccg cgcgcggcgc cgccgagccg gcggcgcggg 52080 
cggcagcacc gccgggaacg cccagcaccc tggagatcgg agcagggacg ggcgcgacca 52140 
ccgccgccgc ccccccggcg ccgccgcccg accggacgga gcaccacccc accgacgctc 52200 
ccccgccccc ccccgcccgc gcggagcaaa gaccccgaga ccacccaccc ccgaagcacg 52260 
gcaccccgga cgtcgaccag gagccagctg gccagggaca cgcacaccag aggcccgacg 52320 
ccaccgccgc ggccaacgcc acccacgcga cccgcgacac aagagccacg gcgaagcgcc 52380 
ccccgccgcc gctcgcgccc ggaggccccc cggcgccggc cgagggcaca gggcatccga 52440 
cccggcccga tatcaccacg ggaccgaccg aggggcggca gaagtacgaa gacgaccccc 52500 
gcatcgacca cccgctcccg cccgcccgga cctggtgtga cgtcctgcgc cgggcaggcc 52560 
ccgcggacgc cgcgagcccg ccaggcgacg gatctccggc ggggaccccc ggacagcacg 52620 
cgaccccccc gcgcgcgccg ggcatagcag gagccgcccg cgacagcccc ggcgagccgg 52680 
cgaccgaacc gccggccgcg cgcgcagcac ggcaggaatg ggccgacggc cqcgccgacg 52740 
tcgtccatcg gatggcgttg gagaggatgt acttccaccg ccggccgggc cggcaggtct 52800 
gggcccacgg tcgattgcgc accggcggag gcgcgctcac gaaggcgctc gccggagatc 52860 
cgcccctgct cgaagacacc gggcaggccg cggcagaggt ccaggggccc cgcccgccgc 52920 
'agcccgaggc tcctigctttc gcgccgcggg acccgcggga agagtggctg tacgccttgg 52980 
aacggcagcg caaagacccc acaccagagg ccccggcagc cgcgtctcct tcctccgcgg 53040 
gggcccggcc cgcgccgacg gaccagggcg ggacaggcgc cgcgcccgca ccgccgccgg 53100 
aagggcgagg cgaggcgcgc gcgcgcgcca ccgcgggcac ggcacacgcc cgccccgcgc 53160 
cggggccgca ccaagccgac ccggcgcagc cagacggccc ccacaccccg ccccgcgacg 53220 
cacccggcga ggaccggacc cgccgcgcgg cagcgcacac gcggagcccr gacgcgacgg 53280 
cagcagggga gagggcgaca gcggagccgc cccaggccga ccaacccccg gggagcccga 53340 
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gcgcgccccc cccggcgcag gcgctggtgc gccggaggcg gcgcaacatg ccgcggcccc 53400 
ggcccccgac ccgcgccgcg cacgcggcgg gcgcggagga cgcagcggcc tcggtggcgc 53460 
aggcgccggc gcggggcccc ggccggacgc ccgcgcccga gcacccagag ccgcggcgca 53520 
cgcccgcgga cgcgaacccg gcgccgcctc cagaggacgc agccgcactg gcggcggagc 53580 
ccggggcgag cgacagagag gaccaggtcg caccgcgccc ggacggccgc tacgtggcgc 53640 
gccccgcgcg gagctccttt tccggcaagc ccgccacgga tcgcggcatc cgggcggacg 53700 
gcagccacgc gaccaccgac ggcatgggga gagcggggcc ctcggtcgcg caacggacgg 53760 
cgacgcaggg ggcccgccat gcggcgcccg cggaccgcgg cggcgcttcc gaggcacccc 53820 
gggatgccct ccggcccacg gccgaggccg gcgcggaggc gcagatcgtg gaggccgacg 53880 
cggcccggcg cgacgatgtc gctcggctcc ccccgaagac cgaaccgtcg acgccgccgc 53940 
tccgggggac cgcgcacgcg gacgggacct tccagggcga ctcctcgatg ccggagccgg 54000 
acgcccgccg ccccaaggag cggacgcacc ccaaggcgcc cggagcgtgg aacctgcacg 54060 
cgctgaccag ggacagatcg ctggacttct ccgccccgca ccccccgggc acctcgcccc 54120 
cgggcccgcc aggacagggg agccgcgccg ccggcgacgc ccccccggac gccaccgcgc 54180 
accaccggtg caaggcgggc ctcacagcga cgagcaccaa ccggggaccg ccccccgaag 54240 
caccaccgcc ggcgaccccg aacgacggcg gagcacggcc cgaacaccgg gggatggaag 54300 
gcctcacgct ggagcaggga gcggcggcgc ccgggcgccc gcccgcacga cccagggcgc 54360 
aggcaggggc gacgcggccg aatctgcgcc agcggccgga gccccacccc aacgcggccc 54420 
gaccggcgcc gcgggcggag ccgccgaagg agcgcgaccg cgccgaccga ggcgcgccga 54480 
acgcgccgaa cccgcgcgag gcgctgcaga gcgccaggcc cgaagaccgc cagccgactc 54540 
cggagaagca cccgagcgag ccgccggggc gggggccgcg ccccccgccg gagaggaccg 54600 
agcggcacgt gccgcccagc aatctcggca cggacccgcc gacaggcccg gagccccgca 54660 
accgcaccga ggccgcgctc ggcaccaccg cgccggcgac cccgccacgg acccacccca 54720 
acgcagcagc tctgagcggg agcccgccag acactccgcc tccgaacgcc ggcgcgaccc 54780 
acgctccggc caccgagcgg gagaagagcc ccgagaacga cgccgcagac cccgaggccc 54840 
tgcggggcat gacggacgag cagaaggacg cgctgctcgc cgaaaagccg gcgcagcccg 54900 
cgcagatcgt cggcgagcaa gggaccgagg gagcacggcg accacgaacg ccgggaagcc 54960 
cgagcatgcc cccccgccca tggacaagcc tgcgaaaaag aacgcgtctt tggagcaaga 55020 
gcggaccgag ccgatcgcca ccgcaggcac cggctgccgc ttccccggcg gagcggacac 55080 
cccggaggca ccccgggagc cgcccgaccc aggccgagac gcggcccagc cgctcgaccg 55140 
gcgccgggcg ccggccggcg cccaccccag cgaggaggcg ccgcgctggg ccggaccgcc 55200 
caccgaggcg gtggacggct tcgacgccgc gccccccggc accccgcccc gggaggcgcg 55260 
gccgcccgac ccccagcaac gcccgccgcc ggaggtcacc tgggaagggc tcgaggacgc 55320 
cggcaccgca ccccagcccc tcgacggcag ccgcaccggg gcgtccctgg gcgcatgcag 55380 
cagcgaccac ccgcacaccg ctgcgcaaca gcggcgcgag gagcaggacg catacgacac 55440 
caccggcaac acgcccagcg ccgccgccgg acggccgccc cacacgccag ggctgcaggg 55500 
accctgcctg accgccgaca cggcccgccc gccgccgccc gcggccaccc accccgcccg 55560 
ccgcagcccg cgcgctcgcg agagcgaccc cgcgccggcg ggaggcgcca acacgccccc 55620 
tccgcccaag acgacgacaa cgctggggcg catccaggcg ccgccgcccg acggccaccg 55680 
ccggacaccc gacgcctcgg ccaacgggcc cgcccgcggg gagggccgcg gcacggccgc 55740 
gcccaaacgg ccccccgacg cccagcgaca cggcgaccgg acccgggccc cgacccgggg 55800 
tccggccacg aaccaggacg gccggccgac agggccgacg gcacccaatg cgcccgccca 55860 
ggaggcgccc ccgcgcgagg cgccgcagag cgctcgcgcc gacgccgggg ccaccggcca 55920 
cgccgagacc cacggaacgg ggaccccgcc cggcgacccg accgaggccg aggcgccgcg 55980 
cgccgcgccg gggccggcgc gggccgacgg gagccgccgc gcgccgggcg cagcgaagac 56040 
aaaccccggc cacctggagg gcgccgcagg cgcggcgggc ccgaccaagg cggcgccggc 56100 
cccgcaccac gaaccgaccc cgcgaaaccc ccacccccac acgcccaacc cgcggacccg 56160 
gatcgagggg accgcgcccg cgctggcgac ggagccggcg ccgcggccgc gggcgggccg 56220 
accgcgcccc gcgggggcga gcgcgcccgg ccccagcggc accaacgccc acgccgcgcc 56280 
ggaggaggcg ccggccacgg cgcccgcacc ggcgacgccg gggcgcccag cggagccccc 56340 
ggcgccgccg gcgaagagcg ccgccgcgcc ggacgcacag gcggcgcggc ccccagcgca 56400 
caccgccgcg cacccggagc agggccccgg agacgccgcg cccagcccgg caccgacgcg 56460 
tagcccgacg gagcaccggc ccgcggcggc ggcgaccccg cgcgaggcgc tgcgaagcgc 56520 
gccggaggcc gcggcgcagg ggcagacccc ggcaggcgcg gcgcgcggca gggccgcccc 56580 
cccgcccggc aagcccgccc ccctgcccgc cgggcagggc gcgcaggcgc cgggcacggg 56640 
ccgcgggccg cgggaggcgc ggccggcgcc ccgcgagacc cccgaccggt gcgccacgcc 56700 
ccccgaccgg gagccccacc agccgccccg cgaggcgacg cgggccgagc cgggcagcag 56760 
caggccgccg ccgccggacc agacggcgcc cacccagccg gcgccccccg cgccggagca 56820 
cgcgccggcc gcgccccccc ggtcgcgggg cgcggagccg gagcccgccg ccggccacag 56880 
ccccggcgag ctggcggccg cccgcgtggc gggcgcgccc ccccccgagg acgccgcgcg 56940 
cctggcggcc gcgcgcggcc ggccgacgca ggcgccgccg gccggcggcg cgacggcacc 57000 
gaccgccgcg ccggaggccg acgcggccgc cgcggcggcg ccgcacgcag cgccggcgcc 57060 
gaccgcggca gccaacgggc cggagcaggc ggcgaccgcg ggcgccgaga aacccgcgca 57120 
gcagaccgcg gcggcgcccg cggcgcgggg ggcgcgaacc aaaccgccgc acgccccgca 57180 
cgcgccccac ccgccgccca cggacccgac gccggaggcg ccccggcggg cgaccgagcc 57240 
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ggtgacgtac 
cgatgaggtg 
ggacggagtg 
gccgacgctg 
agcgtcgcgc 
ggtcgtcggt 
gctgccaacc 
ggcggacggc 
cgtgccgacc 
gtggctcggc 
gatggcgctg 
ggtgctcatc 
gaccgaggag 
tcgcgcgccc 
cccggcgagg 
ggccatctac 
cgccgagccg 
cggccccgcg 
cgccggcgcg 
ggtgcggccg 
tggccaacag 
ggcggccgcc 
cgacgcagac 
gaccacagcc 
ctcggcgctg 
tgcaggaatg 
gcacctcagc 
gcccgacgcg 
tggtcgcgac 
gccgcggccg 
ggcgcaagcg 
ccgcatcagc 
cgagctactt 
cgcgcggctc 
cgacaggccg 
agccacgggg 
gctcgactcc 
agaaaccgag 
gggcgtgaac 
cacccacgcc 
cgaggcggcc 
ccacccgcag 
cgcggcgcga 
gaaccgcgcc 
gtccgccaca 
gctttcgggc 
gaagccgggc 
gaatctttcc 
ccgtgcgctc 
gccggggttg 
tcgcgcagcc 
cacgccggac 
cgcggacggc 
acggccggcc 
cgcagagcag 
gaaagcggac 
ggggatgccg 
gcagcagact 
cctgcacacg 
tgggccttcc 
ccccrcgcac 
cacggaggtg 
gacgcggggc 
ccgcgcgcag 
aacagcggcc 



cggcggcctt 
agcgcgccgg 
aaggcgccgc 
cccggccccg 
gccgggcgcg 
ggatcggtca 
tatccccggc 
accggccgcg 
catgccggtc 
gagcaccggg 
tcgccggggg 
gagacgccga 
cgaccgggac 
tcccggatcc 
ccgaaccccg 
ggtgcgcccg 
cggcggggtg 
acagcccacc 
ttcgccgatc 
ccccagcggc 
gcccccagcc 
gagacccccc 
gactggttcc 
ggccggtggc 
aaggccgccg 
cgcgcgctcc 
agcctcgacg 
ccccggagcc 
agcgcgctct 
cggccctcga 
ccgccgctgg 
gtcgacctcg 
gcagacgacg 
gtccaccggc 
ttccggccag 
cggcgcgctc 
accgacaccc 
ccgccggcgc 
ggcctrgtgg 
accacgccgg 
gcgacgcccc 
gcgggggagc 
tgggcgcagc 
cacccggagt 
gacgtgcatg 
gagcgcatcg 
aggcgcgacg 
ttcccgcagg 
ctcgacgagc 
cgcgccggcg 
gaggcattcc 
gacccggagg 
acctaccccg 
gagcggggcg 
cgagccgccg 
gtcgccgatc 
ccgcggggcg 
ccggcgcggc 
ctgacacgcg 
ggcccgccag 
caccgaaggg 
gggatggccg 
accacccccg 
acgggggcga 
ccacggaggc 



cgatcgcgct 
gctaccgggt 
acgcggccgg 
tgccggcctg 
acgaggccgc 
cccggtcggg 
agcgcgagcg 
cccgggcggg 
tgcgcctgtg 
cgcaggggga 
ccgagatctt 
cctccgcggg 
ggctgcggct 
acgcccgcgg 
ccgccccgcg 
ccgagatggg 
agggcgaggc 
agccgcatcc 
gcgatgaggc 
czcctgggga 
ggcggagcgc 
ggccggtggc 
cggagccgga 
tgctgcccgg 
gccacgtcgt 
cggccaacgc 
ggggcggcca 
cagacgccga 
ccctggcgca 
cccgcggggc 
ggccgggccg 
acccagccga 
ccgaggagga 
cgcccgacgc 
agaccgacga 
ccggtccggg 
agccggcgtc 
ccggaagcga 
ccggccagcc 
ccacgccggc 
ccgcgcaccc 
gggtgccgac 
gcgtgggcgc 
cgctgggcgt 
cacggacgga 
acaagagccc 
accgcgccga 
cggacccgcg 
cgctcgggcc 
gacccctcac 
ggaggacggc 
cgcggacccg 
cgaccggcgg 
cggggcaact 
tggcggcgcc 
ggccacagat 
ccgtgcatgc 
cccgcacggt 
aagcgccccc 
gccagggcaa 
cgcagggcct 
ccgcgcaaga 
acgagggcct 
caccgaccac 
cgccgcggcc 



ggtgagcaac 
gcgtcacgcg 
tgcgggcctc 
cctgccggac 
gagcgcgcta 
cgtcttccct 
ttaccggatc 
gggccacccc 
ggagacgacg 
ggccgtgctt 
gggcgatgga 
cgatacggcg 
ccaggtagcg 
cgtgctgcgc 
cgcccggccc 
gctccaatac 
gccgggcagg 
ggtgctgccg 
gacgccgcgg 
gccacggcgc 
cgaccttgag 
ggagcggcct 
ctgggagccc 
cgagggtggt 
cgtccacgcc 
gctcgacggc 
gctcggcccg 
tgccgatgcc 
agcgctggtc 
tcaggcggcc 
caccaccgcc 
gcccgaaggg 
ggtcgcgccg 
tcagcgccgg 
acccggcgcg 
cgaggtcgag 
gggcgctgct 
gcgcgccggg 
ggcgaccgcc 
gtcgccccgg 
gacggcccgg 
ccacgcggag 
cgaggcgtat 
gcggtacgtg 
cggcgagggc 
catggtcccg 
cacgcagccc 
gggaatgacg 
ggccgcagcc 
gccaccgccg 
gcaaggacag 
cgccccggcc 
cctgggtggc 
ggtgctggcg 
ggaggcccac 
cgagcgggcc 
ggcaggtccc 
gacgggaccc 
cccccccccc 



ccacgccgca 
gccggcgccg 
aaaccgcggc 
gccagccccg 
cccgcggcag 
ggcgaccacg 



ctgagcggga 
cgagaggcgg 
ctcgccgagg 
gccaggccgg 
gaggcgccgg 
tcgggcggac 
gaagcgccgg 
cctccgggcg 
ccggaccgaa 
cccggcgccg 
ccgacccagg 
gcaccggccc 
agccgggagc 
cggaccgggc 
cacgccgccg 
ggcccggcgc 
gcgagaccgc 
gacgcgtgcg 
gcgccggcgg 
cacgcgcgcg 
tcgacggacg 
gcgagcggcg 
gcggcgctcg 
gggcccgggc 
gcgggggacg 
caggccccga 
gggcccgggg 
cccgaaccgg 
ggcacggacc 
gccgccggcg 
ccggagcacg 
gaagccgatg 
cgcggtggcg 
gagaaggccg 
ccggaccaac 
atccccgccg 
cccaacgacc 
cgcaccgccg 
cccccggcgg 
cccccggggc 
cacgcccccg 
gccggtggcg 
gcgaccgccg 
agcgaccccc 
gcggacgccg 
cgcgcccgcg 
gggccgccgc 
ctcgatcaac 
ggtgccatca 
gccgagaccc 
caccccggga 
gaacccagcg 
cccggcccgc 
ggccgccccg 
ggcgcgcgcg 
ccccgcgagg 
gcggacgacg 
aaggcccagg 
gcgccgcacg 
gccaacgcgc 
agcaccgacc 
gcgcggcaga 
gcgcgcccgc 
cgggcggagc 
cagcgcgcgg 



agccccgcac 
tgcgcctcgc 
cggggccgaa 
cgccgccccc 
gcgggtcccg 
ggcgggtacc 
ccgatcgcga 
aagtctcttc 
agcggccgcc 
ggcacccgga 
ccacggacgt 
aggtggtgac 
cgggggaacg 
gcgtcgagac 
cgcccgccgc 
cgcgggggcc 
ccgaggccgc 
cccaaacgac 
aggcgggccc 
ccgcgagcga 
gcacgggcgc 
cacgccggcg 
gcgggcccaa 
gcccgctgtg 
acacgagcac 
cggccgcggc 
cgcagggcgc 
cgctgatgcg 
cccgaaacgc 
acgcctccgt 
ccgagccgcg 
ctctgctggc 
accggctcgt 
agcccgccgg 
cggcgctccg 
aagcggcggg 
cgcccggaga 
ccgcgggcga 
gagcactcgc 
ccccggcgac 
acaaggccgc 
ccggccttcg 
acacgcccga 
gcccgggccg 
cgcccgaccc 
gtcgccctgt 
cgctcctacg 
cggcgaggat 
gcccaccggg 
tcccgatctc 
agctcgtgct 
tcgccgtccg 
gcgtggccgg 
gcgcggcgag 
tcacggtggc 
ccaccgcgtc 
ggctgctgac 
gggccctgca 
cccccgcagc 
cccccgacgc 

ggggcacgtc 
cctcccgcgg 
tcgagggcga 
cccacccggc 
ccgccgaccg 



57300 
57360 
57420 
57480 
57540 
57600 
57660 
57720 
57780 
57840 
57900 
57960 
58020 
58080 
58140 
58200 
58260 
58320- 
58380 
58440 
58500 
58560 
58620 
58680 
58740 
58800 
58860 
58920 
58980 
59040 
59100 
59160 
59220 
59280 
59340 
59400 
59460 
59520 
59580 
59640 
59700 
59760 
59820 
59880 
59940 
60000 
60060 
60120 
60180 
60240 
60300 
60360 
60420 
60480 
60540 
60600 
60660 
60720 
60780 
60840 
60900 
60960 
61020 
61080 
61140 
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gaccgccggg gatcgggacc tgctcgaaca gctcgcgtcg gctgagccga gcgcgcgggc 61200 
ggggccgctg caggacgtcg tgcgcgtgca ggtctcgcat gtgctgcgtc tccctgaaga 61260 
caagatcgag gtggacgccc cgctctcgag catgggcacg gactcgctga tgagcctgga 61320 
gctgcgcaac cgcatcgagg ctgcgccggg cgtcgccgcg cctgcagcct tggggtggac 61380 
gtacccaacg gtagcagcga taacgcgctg gctgctcgac gacgcccccg tcgtccggct 61440 
cggcggcggg tcggacacgg acgaatcgac ggcgagcgcc ggttcgttcg tccacgtcct 61500 
ccgccttcgc cctgtcgtca agccgcgggc tcgccccctc cgttttcacg gttctggcgg 61560 
ctcgcccgag ggcctccgtc cctggtcgga gaagtctgag tggagcgatc tggaaaccgt 61620 
ggccatgcgg cacgatcgca gcctcgcctc cgaggacgcg cctggtaaga agtacgtcca 61680 
agaggcggcc tcgctgattc agcactatgc agacgcaccg tttgcgccag cagggttcag 61740 
cccgggtgtc cggttcgtca tggggacagc cgtggagctc gccagtcgtt ccggcgcacc 61800 
ggctccgctg gccgccttca cgttgggcgg cagcttgatc tcttcttcag agatcacccc 61860 
ggagacggag accgatataa tagccaagct cttcctccga aatgccgcgg gcctcgtgcg 61920 
acccacccaa caagtccagg ccgatgctcg cgcagacaag gtcatcacag acaccacggt 61980 
ggctccggcc cccggggact cgaaggagcc gcccgtgaag accgcggccc ctatcgtcgc 62040 
caccgccggc tcggacgacg tgatcgtgcc tccgagcgac gtccaggatc cacaacctcg 62100 
caccacggag cgcttccata cgcatccccc tcccggagac cacgaatttc tcgtcgaccg 62160 
agggcgcgag atcatgcaca tcgccgactc gcacctcaat ccgctgctcg ccgcgaggac 62220 
gacgccgtca ggccccgcgt tcgaggcaaa atgatggcag cctccctcgg gcgcgcgaga' 62280 
cggttgggag cagcgtgggc gccggcggcc ggcggcaggc cgcggaggcg cacgagcccr 62340 
cctggacgtt tgcagtacag gagattttat gacacaggag caagcgaatc agagcgagac 62400 
gaagcctgct ctcgacttca agccgtccgc gcctgggtac gcggaggacc cgtcccccgc 62460 
gaccgagcgc ctgagagagg caacccccat cttctactgg gatgaaggcc gctcctgggt 62520 
ccccacccga caccacgacg tgtcggcggc gttccgcgac gaacgcctcg cggtcagtcg 62580 
agaagagtgg gaaccgagcg cggagcaccc gccggccatt cccgagctca gcgacacgaa 62640 
gaagtacgga tcgttcgggc tgccgccgga ggatcacgct cgggtccgca agctcgtcaa 62700 
cccgtcgctt acgccacgcg ccaccgaccc gctgcgcgcc gaaatacagc gcaccgccga 62760 
ccagctgctc gatgctcgct ccggacaaga ggagttcgac gttgtgcggg accacgcgga 62820 
gggaatcccg atgcgcgcga tcagcgccct gttgaaggtt ccggccgagc gtgacgagaa 62880 
gctccgccgc ttcggctcgg cgactgcgcg cgcgctcggc gcgggtctgg cgccccaggt 62940 
cgatgaggag accaagaccc tggtcgcgcc cgtcaccgag gggcccgcgc cgctccatga 63000 
cgtcctcgat gagcggcgca ggaacccgct cgaaaatgac gtcttgacga tgctgcccca 63060 
ggccgaggcc gacggcagca ggctgagcac gaaggagccg gccgcgctcg tgggtgcgat 63120 
caccgccgct ggcaccgata ccacgaccca ccctatcgcg ctcgctgtgc tcaacctgct 63180 
gcggccgccc gaggcgctcg agccggtgaa ggccgagccc gggctcatga ggaacgcgcc 63240 
cgatgaggcg ctccgcttcg acaacatcct cagaatagga actgtgcgtt tcgccaggca 63300 
cgacctggag cactgcgggg catcgaccaa gaaaggggag acggcctctc tcccgatccc 63360 
gagcgccctg agagatggga ctgLaccccc caggccagac gtgtttgacg cgcgacggga 63420 
cacgggcgcg agccccgcgc acggcagagg cccccatgtc cgccccgggg cgtcccccgc 63480 
ccgccccgag gcggagatcg ccgtgggcac catcctccgt aggttccccg agacgaagcc 63540 
gaaagaaacc cccgtgcttg gacaccaccc cgcgttccgg aacatcgaac cacccaacgc 63600 
catctcgaag ccctccaaag ccggatagcc cgcgggggca tcgcctcccg aacctcattc 63660 
cctcatgaca cagctcgcgc gcgggtgctg tccgccgcgg gtgcgattcg atccagcgga 63720 
caagcccacc gtcagcgcgc gaagatcgaa cccacggccc ggagaagagc ccgcccgggt 63780 
gacgtcggaa gaagtgccgg gcgccgccct gggagcgcaa agctcgctcg ttcgcgctca 63840 
gcacgccgct cgtcatgtcc ggccctgcac ccgcgccgag gagccgcccg ccctgatgca 63900 
cggccccacc gagcggcagg ttctgctctc gcccgtcgcc ctcgcgctcg ccctcctgac 63960 
cgcgcgcgcc ttcggcgagc tcgcgcggcg gctgcgccag cccgaggtgc ccggcgagct 64020 
cttcggcggc gcggtgctgg gcccgtccgn cgtcggcgcg ctcgctcctg ggttccaccg 64080 
agtcctctcc caggatccgg cggtcggggc cgtgctctcc ggcacctcct ggacaggcgc 64140 
gctcgtcctg ctgctcacgg cgggtaccga ggtcgatgtg agcaccccgc gcaaggaggc 64200 
gcgccccggg gcgctctcgg cgcccggcgc gatcgcgccc ccgctgcgca cgccggggcc 64260 
gccggtgcag cgcatgcagg gcgcgctcac gtgggatctc gacgtctcgc cgcgacgccc 64320 
cgcgcaagcc tgagcctcgg cgcccgctcg tacacctcgc cggtgctcgc cccgcccgcg 64380 
gacatccggc cgcccgccgc ggcccagccc gagccggacc cgccggatga cgaggccgac 64440 
gaggccgacg aggcgctccg cccgttccgc gacgcgaccg ccgcgtactc ggaggccgct 64500 
cggcgggcgg aggcggcgca gcggccgcgg ctggagagcc tcgtgcggct, cgcgaccgcg 64560 
eggctgggca aggcgctcga caaggcccct ctcgcgcaca cgacggccgg cgccccccag 64620 
accgccggca gaccccagaa cgacgcggtc tggctcgacg tcgccgcccg gcacgcgagc 64680 
izccgcgcgg cgacggagca cgcgccccgc gacgcggcgc cggccacgga ggcgcccgcg 64740 
gccggcccgt accgcggacc gagccgcgcg cccgctgccg caggggagtt ccggggggag 64800 
ccggcgcgcc ctcaccccgc ggaccgcgta cccgcgcccg accagcagat cccgaccgcg 64860 
ctgcgcgcag ccgagcgggc gctcaccgcg ccccacactg cgttcgcccg tgaggagcga 64920 
accrcccccg ggcgcagccg agcggcggcg cgccggcggt cccctccccg caaccacgac 64980 
cggagccgcg ctcggcccgc gcagcggcca gcgcgcgccg cggcagagac cgccggagcg 65040 
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acaggcgacg acccgcccga gggtgtcgaa cggattgccg cagccctcac tgcggatccc 65100 
ctccagacac tcgttcagct gcttggcgtc gatgccgcct gggcactcgc cgaaggtcag 65160 
ctcgtcgcgc cactcgganc ggatcctgtt cgagcacgcg cccccgctcg aatactcccg 65220 
gtcttgtccg atgttgttgc accgcgcctc gcggtcgcac cgcgccgcca cgatgctatc 65280 
gacggcgctg ccgactggca ccggcgcctc gccctgcgcg ccacccgggg ttcgcgcctc 65340 
cccgcctgac cgcttttcgc cgccgcacgc cgcgagcagg ctcattcccg acaccgagat 65400 
caggcccacg accagcttcc cagcaatctt ttgcacggct tcccctccct cacgacacgt 65460 
cacatcagag actctccgct cggctcgtcg gttcgacagc cggcgacggc cacgagcaga 65520 
accgtccccg accagaacag ccgcatgcgg gtttcccgca acatgccccg acatccttgc 65580 
gactagcgtg cctccgcccg tgccgagatc ggctgtcctg tgcgacggca atatcctgcg 65640 
atcggccggg caggaggcac cgacacgggc gccgggcggg aggtgccgcc acgggctcga 65700 
aatgtgctgc ggcaggcgcc tccatgcccg cagccgggaa cgcggcgccc ggccagcctc 65760 
ggggtgacgc cgcaaacggg agatgctccc ggagaggcgc cgggcacagc cgagcgccgt 65820 
caccaccgtg cgcactcgtg agctccagcc cctcggcaca gaagagaccg tcacccccgg 65880 
tccgtgtagg cgatcgtgct gatcagcgcg ttctccgcct gacgcgagtc gagccgggta 65940 
tgccgcacga caatgggaac gcccgacccg atcacgctgg cacagcccgt accgcgcggg 66000 
accggctcgg gttcggtcag atcgccgaac cggacgcgcc gggcgcgcct cgctgggacg 66060 
gtcacccggt acggcccggc ggggtcgcgg tcgctgaagt agacggtgat ggcgacccgc 66120 
gcgtcccggt ccgacgcatt caacaggcag gccgtcccat ggctcgtcat ctgcggcccg 66180 
ggcccgttgc tccggcccgg gatgtagccc tctgcgattg cccagcgcgt ccgcccgatc 66240 
ggcctcccca tatgccctcc ctgctggctc ctctttggct gcctccccct gctgtccagg 66300 
agcgacggcc tcttctcccg acgcgctcgg ggatccacgg ctgaggatcc tcgccgagcg 66360 
ctccttgccg' accggcgcgc cgagcgccga cgggctttga aagcacgcga ccggacacgt 66420 
gatgccggcg cgacgaggcc gccccgcgtc tgatcccgat cgtgacatcg cgacgtccgc 66480 
cggcgcctct gcaggccggc ctgagcgttg cgcggtcatg gccgccctcg cgccaccgcc 66540 
acccgccgat ccacacccca ccgcggcacg acgcttgccc aaaccgcggc gagacggccg 66600 
ggcggctgtg gtaccggcca gcccggacgc gaggcccgag agggacagcg ggcccgccgt 66660 
gaagcagtga ggcgatcgag gtggcagatg aaacacgttg acacgggccg acgagtcggc 66720 
cgccggatag ggctcacgcc cggtctcccc gcgagcatgg cgctcgccgg ctgcggcggc 66780 
ccgagcgaga aaatcgcgca gggcacgcgg ctcgcgcccg gcgccgatgc gcacgtcgcc 66840 
gccgacgccg accccgacgc cgcgaccacg cggctggcgg cggacgtcgt tcacctctcg 66900 
ccgcccgagc gcatcgaggc cggcagcgag cggttcgtcg tccggcagcg tccgagctcc 66960 
gagtccccgc ggcaacgggt cggagtgctc gactacaacg ccgccagccg aagaggcaag 67020 
ctggccgaga cgaccgtgcc gcatgccaac ctcgagctgc tcatcaccgt cgagaagcag 67080 
agcagccctc agcctccacc ttctgccgcc gtcatcgggc cgacgtccgt cgggtaacat 67140 
cgcgctatca gcagcgctga gcccgccagc aggccccaga gccctgcctc gaccgcctLC 67200 
tccatcatac cacccctgcg tactcctcca gcgacggccg cgtcgaagca accgccgtgc 67260 
cggcgcggcc ccacgtgcgc gacaggagag cgtcctggcg cggcctgcgc atcgccggaa 67320 
ggaccggcgg agcacggaga aagaatcgag gatcgcgatc tacggcgcca ccgcagccaa 67380 
cgtggcgatc gcggcggtca agctcaccgc cgccgccgng accggcagct cggcgacgcc 67440 
ctccgagggc gtgcaccccc ccgtcgatac tgcagacggg cccctccccc cgctcggcaa 67500 
gcaccggagc gcacgcccgc ccgacgccga gcacccgctc ggccacggca aggagctcta 67560 
tttctggacg ccgaccgtcg ccatcacgat cttcgccgcg ggcggcggcg tctcgatcta 67620 
cgaagggatc ttgcacctcc cgcacccgcg ccagatcgag gatccgacgt ggaactacgt 67680 
cgccctcggc gcagcggccg tcttcgaggg gacgtcgctc atcatctcga tccacgagtt 67740 
caagaagaag gacggacagg gctacctcgc ggcgatgcgg tccagcaagg acccgacgac 67800 
gttcacgatc gtcctggagg actccgcggc gctcgccggg ctcaccaccg ccttcctcgg 67860 
cgcctggctc gggcaccgcc tgggaaaccc ctacctcgac ggcgcggcgt cgaccggcat 67920 
cggcctcgtg ctcgccgcgg tcgcggcctt cctcgccagc cagagccgtg ggctcctcgt 67980 
gggggagagc gcggacaggg agctcctcgc cgcgatccgc gcgcccgcca gcgcagatcc 68040 
tggcgtgccg gcggcggggc ggcccccgac gatgcacttc ggtccgcacg aagtcctggt 68100 
cgtgctgcgc atcgagcccg acgccgcgct cacggcgtcc ggggtcgcgg aggcgatcga 68160 
gcgcatcgag acccggatac ggagcgagcg acccgacgcg aagcacatct acgtcgaggc 68220 
caggtcgctc caccagcgcg cgagggcgtg acgcgccgtg gagagaccgc gcgcggcctc 68280 
cgccatcctc cgcggcgccc gggctcaggt ggcccccgca gcagggcgcg cccggcgggc 68340 
aaaccgcgca gacgtcgtcc tccgacgcga ggtacgccgg ttgcaagtcg tcacgccgca 68400 
ccgcgaggtc cggcagcgcc ggagcccggg cgggccgggc gcacgaaggc gcggcgagcg 68460 
caggctrcga ggggggcgac gccatgagga aggccagggc gcatggggcg atgctcggcg 68520 
ggcgagacga cggctggcgt cgcggcctcc ccggcgccgg cgcgcttcgc gccgcgcccc 68580 
agcgcggtcg cccgcgcgat cccgcccggc gccggctcat cgcctccgtg tcccccgccg 68640 
gcggcgccag cacggcggcc gcctcgctgt tccagcccgg gatcatcgag cgcccgcccg 68700 
accctccgcc cccagggccc gattcggcca aggtgacgag ctccgatatc 68750 
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<211> 1421 
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<212> PRT 

<213> Sorangium cellulosum 
<400> 2 

Val Ala Asp Arg Pro He Glu Arg Ala Ala Glu Asp Pro He Ala He 
1 5 10 15 

Val Gly Ala Ser Cys Arg Leu Pro Gly Gly Val He Asp Leu Ser Gly 
20 25 30 

Phe Trp Thr Leu Leu Glu Gly Ser Arg Asp Thr Val Gly Arg Val Pro 
35 40 45 

Ala Glu Arg Trp Asp Ala Ala Ala Trp Phe Asp Pro Asp Pro Asp Ala 
50 55 60 

Pro Gly Lys Thr Pro Val Thr Arg Ala Ser Phe Leu Ser Asp Val Ala 
65 70 75 80 

Cys Phe Asp Ala Ser Phe Phe Gly He Ser Pro Arg Glu Ala Leu Arg 
85 90 95 

Met Asp Pro Ala His Arg Leu Leu Leu Glu Val Cys Trp Glu Ala Leu 
100 105 110 

Glu Asn Ala Ala He Ala Pro Ser Ala Leu Val Gly Thr Glu Thr Gly 
115 120 125 

Val Phe He Gly He Gly Pro Ser Glu Tyr Glu Ala Ala Leu Pro Gin 
130 135 140 

Ala Thr Ala Ser Ala Glu He Asp Ala His Gly Gly Leu Gly Thr Met 
145 150 155 160 

Pro Ser Val Gly Ala Gly Arg He Ser Tyr Ala Leu Gly Leu Arg Gly 
165 170 175 

Pro Cys Val Ala Val Asp Thr Ala Tyr Ser Ser Ser Leu Val Ala Val 
180 185 190 

His Leu Ala Cys Gin Ser Leu Arg Ser Gly Glu Cys Ser Thr Ala Leu 
195 200 205 

Ala Gly Gly Val Ser Leu Met Leu Ser Pro Ser Thr Leu Val Trp Leu 
210 '215 220 

Ser Lys Thr Arg Ala Leu Ala Arg Asp Gly Arg Cys Lys Ala Phe Ser 
225 230 235 240 

Ala Glu Ala Asp Gly Phe Gly Arg Gly Glu Gly Cys Ala Val Val Val 
245 250 255 

Leu Lys Arg Leu Ser Gly Ala Arg Ala Asp Gly Asp Arg He Leu Ala 
260 265 270 

Val He Arg Gly Ser Ala He Asn His Asp Gly Ala Ser Ser Gly Leu 
275 280 285 

'Thr Val Pro Asn Gly Ser Ser Gin Glu lie Val Leu Lys Arg Ala Leu 
290 295 300 

Ala Asp Ala Gly Cys Ala Ala Ser Ser Val Gly Tyr Val Glu Ala His 
305 310 315 320 

Gly Thr Gly Thr Thr Leu Gly Asp Pro lie Glu He Gin Ala Leu Asn 
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325 



330 



335 



Ala Val Tyr Gly Leu Gly Arg Asp Val Ala Thr Pro Leu Leu lie Gly 
340 345 350 

Ser Val Lys Thr Asn Leu Gly His Pro Glu Tyr Ala Ser Gly He Thr 
355 360 365 

Gly Leu Leu Lys Val Val Leu Ser Leu Gin His Gly Gin He Pro Ala 
370 375 380 

His Leu His Ala Gin Ala Leu Asn Pro Arg He Ser Trp Gly Asp Leu 
385 390 395 400 

Arg Leu Thr Val Thr Arg Ala Arg Thr Pro Trp Pro Asp Trp Asn Thr 
405 410 415 

Pro Arg Arg Ala Gly Val Ser Ser Phe Gly Met Ser Gly Thr Asn Ala 
420 425 430 

His Val Val Leu Glu Glu Ala Pro Ala Ala Thr Cys Thr Pro Pro Ala 
435 440 445 

Pro Glu Arg Pro Ala Glu Leu Leu Val Leu Ser Ala Arg Thr Ala Ser 
450 455 460 

Ala Leu Asp Ala Gin Ala Ala Arg Leu Arg Aso His Leu Glu Thr Tyr 
465 470 475 480 

Pro Ser Gin Cys Leu Gly Asp Val Ala Phe Ser Leu Ala Thr Thr Arg 
485 490 495 

Ser Ala Met Glu His Arg Leu Ala Val Ala Ala Thr Ser Arg Glu Gly 
500 505 510 

Leu Arg Ala Ala Leu Asp Ala Ala Ala Gin Gly Gin Thr Ser Pro Gly 
515 520 525 

Ala Val Arg Ser He Ala Asp Ser Ser Arg Gly Lys Leu Ala Phe Leu 
530 535 540 

Phe Thr Gly Gin Gly Ala Gin Thr Leu Gly Met Gly Arg Gly Leu Tyr 
545 550 555 560 

Asp Val Trp Ser Ala Phe Arg Glu Ala Phe Asp Leu Cys Val Arg Leu 
565 570 575 

Phe Asn Gin Glu Leu Asp Arg Pro Leu Arg Glu Val Met Trp Ala Glu 
550 585 590 

Pro Ala Ser Val Asp Ala Ala Leu Leu Asp Gin Thr Ala Phe Thr Gin 
.-595 600 605 

Pro Ala Leu Phe Thr Phe Glu Tyr Ala Leu Ala Ala Leu Trp Arg Ser 
610 615 620 

Trp Gly Val Glu Pro Glu Leu Val Ala Gly His Ser He Gly Glu Leu 
625 630 635 640 

Val Ala Ala Cys Val Ala Gly Val Phe Ser Leu Glu Asp Ala Val Phe 
645 650 655 

Leu Val Ala Ala Arg Gly Arg Leu Met Gin Aia Leu Pro Ala Gly Gly 



660 



665 



670 
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Ala Met Val Ser He Glu Ala Pro Glu Ala Asp Val Ala Ala Ala Val 
675 680 635 

Ala Pro His Ala Ala Ser Val Ser He Ala Ala Val Asn Ala Pro Asp 
690 695 700 

Gin Val Val He Ala Gly Ala Gly Gin Pro Val His Ala lie Ala Ala 
705 710 715 720 

Ala Met Ala Ala Arg Gly Ala Arg Thr Lys Ala Leu His Val Ser His 
725 730 735 

Ala Phe His Ser Pro Leu Met Ala Pro Met Leu Glu Ala Phe Gly Arg 
740 745 750 

Val Ala Glu Ser Val Ser Tyr Arg Arg Pro Ser He Val Leu Val Ser 
755 760 765 

Asn Leu Ser Gly Lys Ala Cys Thr Asp Glu Val Ser Ser Pro Gly Tyr 
770 775 780 

Trp Val Arg His Ala Arg Glu Val Val Arg Phe Ala Aso Gly Val Lys 
785 790 795 800 

Ala Leu His Ala Ala Gly Ala Gly Thr Phe Val Glu Val Gly Pro Lys 
805 810 815 

Ser Thr Leu Leu Gly Leu Val Pro Ala Cys Met Pro Asp Ala Arg Pro 
820 825 830 

Ala Leu Leu Ala Ser Ser Arg Ala Gly Arg Asp Glu Pro Ala Thr Val 
835 840 845 

Leu Glu Ala Leu Gly Gly Leu Trp Ala Val Gly Gly Leu Val Ser Trp 
850 855 860 

Ala Gly Leu Phe Pro Ser Gly Gly Arg Arg Val Pro Leu Pro Thr Tyr 
865 870 875 880 

Pro Trp Gin Arg Glu Arg Tyr Trp He Asp Thr Lys Ala Asp Asp Ala 
885 890 895 

Ala Arg Gly Asp Arg Arg Ala Pro Gly Ala Gly His Asp Glu Val Glu 
900 905 910 

Glu Gly Gly "Ala Val Arg Gly Gly Asp Arg Arg Ser Ala Arg Leu Asp 
915 920 925 

His Pro Pro Pro Glu Ser Gly Arg Arg Glu Lys Vai Glu Ala Ala Gly 
930 935 940 

Asp Arg. Pro Phe Arg Leu Glu He Asp Glu Pro Gly Val Leu Asp His 
945 950 955 960 

Leu Val Leu Arg Val Thr Glu Arg Arg Ala Pro Gly Leu Gly Glu Val 
965 . 970 975 

Glu He Ala Val Asd Ala Ala Gly Leu Ser Phe Asn Asp Val Gin Leu 
980 985 990 

Ala Leu Gly Met Val Pro Asp Asp Leu Pro Gly Lys Pro Asn Pro Pro 
995 1000 1005 



Leu Leu Leu Gly Gly Glu Cys Ala Gly Arg He Val Ala Val Gly Glu 
1010 1015 1020 
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Gly Val Asn Gly Leu Val Val Gly Gin Pro Val He Ala Leu Ser Ala 
1025 1030 1035 1040 

Gly Ala Phe Ala Thr His Val Thr Thr Ser Ala Ala Leu Val Leu Pro 
1045 1050 1055 

Arg Pro Gin Ala Leu Ser Ala He Glu Ala Ala Ala Met Pro Val Ala 
1060 1065 1070 

Tyr Leu Thr Ala Trp Tyr Ala Leu Asp Arg He Ala Arg Leu Gin Pro 
1075 1080 1085 

Gly Glu Arg Val Leu He His Ala Ala Thr Gly Gly Val Gly Leu Ala 
1090 1095 1100 

Ala Val Gin Trp Ala Gin His Val Gly Ala Glu Val His Ala Thr Ala 
1105 1110 1115 1120 

Gly Thr Pro Glu Lys Arg Ala Tyr Leu Glu Ser Leu Gly Val Arg Tyr 
1125 1130 1135 

Val Ser Asp Ser Arg Ser Asp Arg Phe Val Ala Asp Val Arg Ala Trp 
1140 1145 1150 

Thr Gly Gly Glu Gly Val Asp Val Val Leu Asn Ser Leu Ser Gly Glu 
1155 1160 1165 

Leu He Asp Lys Ser Phe Asn Leu Leu Arg Ser His Gly Arg Phe Val 
1170 1175 1180 

Glu Leu Gly Lys Arg Asp Cys Tyr Ala Asp Asn Gin Leu Gly Leu Arg 
1185 1190 1195 1200 

Pro Phe Leu Arg Asn Leu Ser Phe Ser Leu Val Asp Leu Arg Gly Met 
1205 1210 1215 

Met Leu Glu Arg Pro Ala Arg Val Arg Ala Leu Leu Glu Glu Leu Leu 
1220 1225 1230 

Gly Leu He Ala Ala Gly Val Phe Thr Pro Pro Pro He Ala Thr Leu 
1235 1240 1245 

Pro He Ala Arg Val Ala Asp Ala Phe Arg Ser Met Ala Gin Ala Gin 
1250 1255 1260 

His Leu Gly Lys Leu Val Leu Thr Leu Gly Asp Pro Glu Val Gin He 
1265 1270 1275 1280 

Arg He Pro Thr His Ala Gly Ala Gly Pro Ser Thr Gly Asp Arg Asp 
1285 1290 1295 

Leu Leu Asp Arg Leu Ala Ser Ala Ala Pro Ala Ala Arg Ala Ala Ala 
1300 1305 1310 

Leu Glu Ala Phe Leu Arg Thr Gin Val Ser Gin Val Leu Arg Thr Pro 
1315 1320 1325 

Glu He Lys Val Gly Ala Glu Ala Leu Phe Thr Arg Leu Gly Met Asp 
1330 1335 1340 

Ser Leu Met Ala Val Glu Leu Arg Asn Arg He Glu Ala Ser Leu Lys 
1345 1350 1355 1360 

Leu Lys Leu Ser Thr Thr Phe Leu Ser Thr Ser Pro Asn He Ala Leu 
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1365 



1370 



1375 



Leu Ala Gin Asn Leu Leu Asp Ala Leu Ala Thr Ala Leu Ser Leu Glu 
1380 1385 1390 

Arg Val Ala Ala Glu Asn Leu Arg Ala Gly Val Gin Asn Asp Phe Val 
1395 1400 1405 

Ser Ser Gly Ala Asp Gin Asp Trp Glu lie lie Ala Leu 



<210> 3 
<211> 1410 
<212> PRT 

<213> Sorangium cellulosum 
<400> 3 

Met Thr lie Asn Gin Leu Leu Asn Glu Leu Glu His Gin Gly lie Lys 
1 5 10 15 

Leu Ala Ala Asp Gly Glu Arg Leu Gin He Gin Ala Pro Lys Asn Ala 
20 25 30 

Leu Asn Pro Asn Leu Leu Ala Arg He Ser Glu His Lys Ser Thr lie 
35 40 45 

Leu Thr Met Leu Arg Gin Arg Leu Pro Ala Glu Ser He Val Pro Ala 
50 55 60 

Pro Ala Glu Arg His Ala Pro Phe Pro Leu Thr Asp He Gin Glu Ser 
65 70 75 80 

Tyr Trp Leu Gly Arg Thr Gly Ala Phe Thr Val Pro Ser Gly He His 
85 90 95 

Ala Tyr Arg Glu Tyr Asp Cys Thr Asp Leu Asp Val Pro Arg Leu Ser 
100 105 110 

Arg Ala Phe Arg Lys Val Val Ala Arg His Asp Met Leu Arg Ala His 
115 120 125 

Thr Leu Pro Asp Met Met Gin Val He Glu Pro Lys Val Asp Ala Asp 
130 135 140 

lie Glu He lie Asp Leu Arg Gly Leu Asp Arg Ser Thr Arg Glu Ala 
145 150 155 160 

Arg Leu Val Ser Leu Arg Asp Ala Met Ser His Arg lie Tyr Asp Thr 
165 170 175 . 

Glu Arg Pro Pro Leu Tyr His Val Val Ala Val Arg Leu Asp Glu Arg 
180 185 190 

Gin Thr Arg Leu Val Leu Ser lie Asp Leu lie Asn Val Asp Leu Gly 
195 200 205 

Ser Leu Ser lie lie Phe Lys Asp Trp Leu Ser Phe Tyr Glu Asp Pro 
210 215 220 

Glu Thr Ser Leu Pro Val Leu Glu Leu Ser Tyr Arg Asp Tyr Val Leu 
225 230 235- 240 

Ala Leu Glu Ser Arg Lys Lys Ser Glu Ala His Gin Arg Ser Met Asp 



1410 



1415 



1420 



245 



250 



255 
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Tyr Trp Lys Arg Arg lie Ala Glu Leu Pro Pro Pro Pro Thr Leu Pro 
260 265 270 

Met Lys Ala Asp Pro Ser Thr Leu Lys Glu lie Arg Phe Arg His Thr 
275 280 285 

Glu Gin Trp Leu Pro Ser Asp Ser Trp Gly Arg Leu Lys Arg Arg Val 
290 295 300 

Gly Glu Arg Gly Leu Thr Pro Thr Gly Val He Leu Ala Ala Phe Ser 
305 310 315 320 

Glu Val He Gly Arg Trp Ser Ala Ser Pro Arg Phe Thr Leu Asn He 
325 330 335 

Thr Leu Phe Asn Arg Leu Pro Val His Pro Arg Val Asn Asp He Thr 
340 345 350 

Gly Asp Phe Thr Ser Met Val Leu Leu Asp He Asp Thr Thr Arg Asp 
355 360 365 

Lys Ser Phe Glu Gin Arg Ala Lys Arg He Gin Glu Gin Leu Trp Glu 
370 375 380 

Ala Met Asp His Cys Asp Val Ser Gly He Glu Val Gin Arg Glu Ala 
385 390 395 400 

Ala Arg Val Leu Gly He Gin Arg Gly Ala Leu Phe Pro Val Val Leu 
405 410 415 

Thr Ser Ala Leu Asn Gin Gin Val Val Gly Val Thr Ser Leu Gin Arg 
420 425 430 

Leu Gly Thr Pro Val Tyr Thr Ser Thr Gin Thr Pro Gin Leu Leu Leu 
435 440 445 

Asp His Gin Leu Tyr Glu His Asp Gly Asd Leu Val Leu Ala Trp Asp 
450 455 460 

He Val Asp Gly Val Phe Pro Pro Asp Leu Leu Asp Asp Met Leu Glu 
465 470 475 480 

Ala Tyr Val Val Phe Leu Arg Arg Leu Thr Glu Glu Pro Trp Gly Glu 
485 490 495 

Gin Val Arg Cys Ser Leu Pro Pro Ala Gin Leu Glu Ala Arg Ala Ser 
500 505 510 

Ala Asn Ala Thr Asn Ala Leu Leu Ser Glu His Thr Leu His Gly Leu 
515 520 525 

Phe Ala" Ala Arg Val Glu Gin Leu Pro Met Gin Leu Ala Val Val Ser 
530 535 540 

Ala Arg Lys Thr Leu Thr Tyr Glu Glu Leu Ser Arg Arg Ser Arg Arg 
545 550 555 560 

•Leu Gly Ala Arg Leu Arg Glu Gin Gly Ala Arg Pro Asn Thr Leu Val 
565 570 575 

Ala Val Val Met Glu Lys Gly Trp Glu Gin val Val Ala Val Leu Ala 
580 535 590 

Val Leu Glu Ser Gly Ala Ala Tyr Val Pro He Asp Ala Asp Leu Pro 
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595 



600 



605 



Ala Glu Arg lie His Tyr Leu Leu Asp His Gly Glu Val Lys Leu Val 
610 615 620 

Leu Thr Gin Pro Trp Leu Asp Gly Lys Leu Ser Trp Pro Pro Gly He 
625 630 635 640 

Gin Arg Leu Leu Val Ser Glu Ala Gly Val Glu Gly Asp Gly Asp Gin 
645 650 655 

Pro Pro Met Met Pro lie Gin Thr Pro Ser Asp Leu Ala Tyr Val He 
660 665 670 

Tyr Thr Ser Gly Ser Thr Gly Leu Pro Lys Gly Val Met He Asp His 
675 680 685 

Arg Gly Ala Val Asn Thr lie Leu Asp He Asn Glu Arg Phe Glu He 
690 695 700 

Gly Pro Gly Asp Arg Val Leu Ala Leu Ser Ser Leu Ser Phe Asp Leu 
705 710 715 720 

Ser Val Tyr Asp Val Phe Gly He Leu Ala Ala Gly Gly Thr He Val 
725 730 735 

Val Pro Asp Ala Ser Lys Leu Arg Asp Pro Ala His Trp Ala Glu Leu 
740 745 750 

He Glu Arg Glu Lys Val Thr Val Trp Asn Ser Val Pro Ala Leu Met 
755 760 765 

Arg Met Leu Val Glu His Phe Glu Gly Arg Pro Asp Ser Leu Ala Arg 
770 775 780 

Ser Leu Arg Leu Ser Leu Leu Ser Gly Asp Trp He Pro Val Gly Leu 
785 790 795 800 

Pro Gly Glu Leu Gin Ala He Arg Pro Gly Val Ser Val He Ser Leu 
805 810 815 

Gly Gly Ala Thr Glu Ala Ser He Trp Ser He Gly Tyr Pro Val Arg 
820 825 830 

Asn Val Asp Leu Ser Trp Ala Ser He Pro Tyr Gly Arg Pro Leu Arg 
835 840 845 

Asn Gin Thr Phe His Val Leu Asp Glu Ala Leu Glu Pro Arg Pro Val 
850 855 860 

Trp Val Pro Gly Gin Leu Tyr He Gly Gly Vai Gly Leu Ala Leu Gly 
865 - 870 875 880 

Tyr Trp Arg Asp Glu Glu Lys Thr Arg Lys Ser Phe Leu Val His Pro 
885 890 895 



Glu Thr Gly Glu Arg Leu Tyr Lys Thr Gly Asp Leu Gly Arg Tyr Leu 
900 905 910 

Pro Asp Gly Asn He Glu Phe Met Gly Arg Glu Asp Asn Gin He Lys 
915 920 925 

Leu Arg Gly Tyr Arg Val Glu Leu Gly Glu He Glu Glu Thr Leu Lys 
930 935 940 
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Ser His Pro Asn Val Arg Asp Ala Val lie Val Pro Val Gly Asn Asp 
945 ■ 950 955 960 

Ala Ala Asn Lys Leu Leu Leu Ala Tyr Val Val Pro Glu Gly Thr Arg 
965 970 975 

Arg Arg Ala Ala Glu Gin Asp Ala Ser Leu Lys Thr Glu Arg He Asp 
980 985 990 

Ala Arg Ala His Ala Ala Glu Ala Asp Gly Leu Ser Asp Gly Glu Arg 
995 1000 1005 

Val Gin Phe Lys Leu Ala Arg His Gly Leu Arg Arg Asp Leu Asp Gly 
1010 1015 1020 

Lys Pro Val Val Asp Leu Thr Gly Gin Asp Pro Arg Glu Ala Gly Leu 
1025 1030 1035 1040 

Asp Val Tyr Ala Arg Arg Arg Ser Val Arg Thr Phe Leu Glu Ala Pro 
1045 1050 1055 

lie Pro Phe Val Glu Phe Gly Arg Phe Leu Ser Cys Leu Ser Ser Val 
1060 1065 1070 

Glu Pro Asp Gly Ala Thr Leu Pro Lys Phe Arg Tyr Pro Ser Ala Gly 
1075 1080 1085 

Ser Thr Tyr Pro Val Gin Thr Tyr Ala Tyr Val Lys Ser Gly Arg lie 
1090 1095 1100 

Glu Gly Val Asp Glu Gly Phe Tyr Tyr Tyr His Pro Phe Glu His Arg 
1105 1110 1115 1120 

Leu Leu Lys Leu Ser Asp His Gly lie Glu Arg Gly Ala His Val Arg 
1125 1130 1135 

Gin Asn Phe Asp Val Phe Asp Glu Ala Ala Phe Asn Leu Leu Phe Val 
1140 • 1145 1150 

Gly Arg He Asp Ala He Glu Ser Leu Tyr Gly Ser Ser Ser Arg Glu 
1155 1160 1165 

Phe Cys Leu Leu Glu Ala Gly Tyr Met Ala Gin Leu Leu Met Glu Gin 
1170 1175 1180 

Ala Pro Ser Cys Asn He Gly Val Cys Pro Val Gly Gin Phe Asn Phe 
1185 1190 1195 1200 

Glu Gin Val Arg Pro Val Leu Asp Leu Arg His Ser Asp Val Tyr Val 
1205 1210 1215 

His Gly. Met Leu Gly Gly Arg Val Asp Pro Arg Gin Phe Gin Val Cys 
1220 1225 1230 

Thr Leu Gly Gin Asp Ser Ser Pro Arg Arg Ala Thr Thr Arg Gly Ala 
1235 * 1240 1245 

Pro Pro Glv Arg Glu Gin His Phe Ala Asp Met Leu Arg Asp Phe Leu 
1250 1255 1260 

Arg Thr Lys Leu Pro Glu Tyr Met Val Pro Thr Val Phe Val Glu Leu 
1265 1270 1275 1280 

Asp Ala Leu Pro Leu Thr Ser Asn Gly Lys Val Asp Arg Lys Ala Leu 
1285 1290 1295 
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Arg Glu Arg Lys Asp Thr Ser Ser Pro Arg His Ser Gly His Thr Ala 
1300 1305 1310 

Pro Arg Asp Ala Leu Glu Glu lie Leu Val Ala Val Val Arg Glu Val 
1315 1320 1325 

Leu Gly Leu Glu Val Val Gly Leu Gin Gin Ser Phe Val Asp Leu Gly 
1330 1335 1340 

Ala Thr Ser lie His lie Val Arg Met Arg Ser Leu Leu Gin Lys Arg 
1345 1350 1355 1360 

Leu Asp Arg Glu lie Ala lie Thr Glu Leu Phe Gin Tyr Pro Asn Leu 
1365 1370 1375 

Gly Ser Leu Ala Ser Gly Leu Arg Arg Asp Ser Arg Asp Leu Asp Gin 
1380 1385 1390 

Arg Pro Asn Met Gin Asp Arg Val Glu Val Arg Arg Lys Gly Arg Arg 
1395 1400 1405 

Arg Ser 
1410 



<210> 4 
<211> 1832 
<212> PRT 

<213> Sorangium cellulosum 
<400> 4 

Met Glu Glu Gin Glu Ser Ser Ala lie Ala Val He Gly Met Ser Gly 
1 5 10 15 

Arg Phe Pro Gly Ala Arg Asp Leu Asp Glu Phe Trp Arg Asn Leu Arg 
20 25 30 

Asp Gly Thr Glu Ala Val Gin Arg Phe Ser Glu Gin Glu Leu Ala Ala 
35 40 45 

Ser Gly Val Asp Pro Ala Leu Val Leu Asp Pro Ser Tyr Val Arg Ala 
50 55 60 

Gly Ser Val Leu Glu Asp Val Asp Arg Phe Asp Ala Ala Phe Phe Gly 
65 70 75 80 

He Ser Pro Arg Glu Ala Glu Leu Met Asp Pro Gin His Arg He Phe 
85 90 95 

Met Glu Cys Ala Trp Glu Ala Leu Glu Asn Ala Gly Tyr Asp Pro Thr 
100 105 110 

Ala Tyr Glu Gly Ser lie Gly Val Tyr Ala Gly Ala Asn Met Ser Ser 
115 120 125 

Tyr Leu Thr Ser Asn Leu His Glu His Pro Ala Met Met Arg Trp Pro 
130 135 140 

Gly Trp Phe Gin Thr Leu He Gly Asn Asp Lys Asp Tyr Leu Ala Thr 
145 150 155 160 

His Val Ser Tyr Arg Leu Asn Leu Arg Gly Pro Ser He Ser Val Gin 
165 170 175 
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Thr Ala Cys Ser Thr Ser Leu Val Ala Val His Leu Ala Cys Met Ser 
180 185 190 

Leu Leu Asp Arg Glu Cys Asp Met Ala Leu Ala Gly Gly He Thr Val 
195 200 205 

Arg He Pro His Arg Ala Gly Tyr Val Tyr Ala Glu Gly Gly He Phe 
210 215 220 

Ser Pro Asp Gly His Cys Arg Ala Phe Asp Ala Lys Ala Asn Gly Thr 
225 230 235 240 

He Met Gly Asn Gly Cys Gly Val Val Leu Leu Lys Pro Leu Asp Arg 
245 250 255 

Ala Leu Ser Asp Gly Asp Pro Val Arg Ala Val He Leu Gly Ser Ala 
260 265 270 * 

Thr Asn Asn Asp Gly Ala Arg Lys He Gly Phe Thr Ala Pro Ser Glu 
275 280 285 

Val Gly Gin Ala Gin Ala He Met Glu Ala Leu Ala Leu Ala Gly Val 
290 295 300 

Glu Ala Arg Ser He Gin Tyr He Glu Thr His Gly Thr Gly Thr Leu 
305 310 315 320 

Leu Gly Asp Ala He Glu Thr Ala Ala Leu Arg Arg Val Phe Gly Arg 
325 330 335 

Asp Ala Ser Ala Arg Arg Ser Cys Ala He Gly Ser Val Lys Thr Gly 
340 345 350 

He Gly His Leu Glu Ser Ala Ala Gly He Ala Gly Leu He Lys Thr 
355 360 365 

Val Leu Ala Leu Glu His Arg Gin Leu Pro Pro Ser Leu Asn Phe Glu 
370 375 380 

Ser Pro Asn Pro Ser He Asp Phe Ala Ser Ser Pro Phe Tyr Val Asn 
385 390 395 400 

Thr Ser Leu Lys Asp Trp Asn Thr Gly Ser Thr Pro Arg Arg Ala Gly 
405 410 415 

Val Ser Ser Phe Gly He Gly Gly Thr Asn Ala His Val Val Leu Glu 
420 425 430 

Glu Ala Pro Ala Ala Lys Leu Pro Ala Ala Ala Pro Ala Arg Ser Ala 
435 440 445 

Glu Leu- Phe Val Val Ser Ala Lys Ser Ala Ala Ala Leu Asp Ala Ala 
450 455 460 

Ala Ala Arg Leu Arg Asp His Leu Gin Ala His Gin Gly He Ser Leu 
465 470 475 480 

Gly Asp Val Ala Phe Ser Leu Ala Thr Thr Arg Ser Pro Met Glu His 
485 490 495 

Arg Leu Ala Met Ala Ala Pro Ser Arg Glu Ala Leu Arg Glu Gly Leu 
500 505 510 



Asp Ala Ala Ala Arg Gly Gin Thr Pro Pro Gly Ala Val Arg Gly Arg 
515 520 525 
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Cys Ser Pro Gly Asn Val Pro Lys Val Val Phe Val Phe Pro Gly Gin 
530 535 540 

Gly Ser Gin Trp Val Gly Met Gly Arg Gin Leu Leu Ala Glu Glu Pro 
545 550 555 560 

Val Phe His Ala Ala Leu Ser Ala Cys Asp Arg Ala He Gin Ala Glu 
565 570 575 

Ala Gly Trp Ser Leu Leu Ala Glu Leu Ala Ala Asp Glu Gly Ser Ser 
580 585 590 

Gin Leu Glu Arg He Asp Val Val Gin Pro Val Leu Phe Ala Leu Ala 
595 600 605 

Val Ala Phe Ala Ala Leu Trp Arg Ser Trp Gly Val Ala Pro Asp Val 
610 615 620 

Val He Gly His Ser Met Gly Glu Val Ala Ala Ala His Val Ala Gly 
525 630 635 640 

Ala Leu Ser Leu Glu Asp Ala Val Ala He He Cys Arg Arg Ser Arg 
645 650 655 

Leu Leu Arg Arg He Ser Gly Gin Gly Glu Met Ala Val Thr Glu Leu 
660 665 670 

Ser Leu Ala Glu Ala Glu Ala Ala Leu Arg Gly Tyr Glu Asp Arg Val 
675 680 685 

Ser Val Ala Val Ser Asn Ser Pro Arg Ser Thr Val Leu Ser Gly Glu 
690 695 700 

Pro Ala Ala He Gly Glu Val Leu Ser Ser Leu Asn Ala Lys Gly Val 
705 710 715 720 

Phe Cys Arg Arg Val Lys Val Asp Val Ala Ser His Ser Pro Gin Val 
725 730 735 

Asp Pro Leu Arg Glu Asp Leu Leu Ala Ala Leu Gly Gly Leu Arg Pro 
740 745 750 

Gly Ala Ala Ala Val Pro Met Arg Ser. Thr Val Thr Gly Ala Met Val 
755 760 765 

Ala Gly Pro Glu Leu Gly Ala Asn Tyr Trp Met Asn Asn Leu Arg Gin 
770 775 780 

Pro Val Arg Phe Ala Glu Val Val Gin Ala Gin Leu Gin Gly Gly His 
785 790 795 800 

Gly Leu Phe Val Glu Met Ser Pro His Pro He Leu Thr Thr Ser Val 
805 810 815 



Glu Glu Met Arg Arg Ala Ala Gin Arg Ala Gly Ala Ala Val Gly Ser 
820 825 830 

' Leu Arg Arg Gly Gin Asp Glu Arg Pro Ala Met Leu Glu Ala Leu Gly 
835 840 845 

Thr Leu Trp Ala Gin Gly Tyr Pro Val Pro Trp Gly Arg Leu Phe Pro 
850 855 860 

Ala Gly Gly Arg Arg Val Pro Leu Pro Thr Tyr Pro Trp Gin Arg Glu 
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865 



870 



875 



880 



Arg Tyr Trp lie Glu Ala Pro Ala Lys Ser Ala Ala Gly Asp Arg Arg 
885 '890 895 

Gly Val Arg Ala Gly Gly His Pro Leu Leu Gly Glu Met Gin Thr Leu 
900 905 910 

Ser Thr Gin Thr Ser Thr Arg Leu Trp Glu Thr Thr Leu Asp Leu Lys 
915 920 925 

Arg Leu Pro Trp Leu Gly Asp His Arg Val Gin Gly Ala Val Val Phe 
930 935 940 

Pro Gly Ala Ala Tyr Leu Glu Met Ala lie Ser Ser Gly Ala Glu Ala 
945 950 955 960 

Leu Gly Asp Gly Pro Leu Gin lie Thr Asp Val Val Leu Ala Glu Ala 
965 970 975 

Leu Ala Phe Ala Gly Asp Ala Ala Val Leu Val Gin Val Val Thr Thr 
980 985 990 

Glu Gin Pro Ser Gly Arg Leu Gin Phe Gin lie Ala Ser Arg Ala Pro 
995 1000 1005 

Gly Ala Gly His Ala Ser Phe Arg Val His Ala Arg Gly Ala Leu Leu 
1010 1015 1020 

Arg Val Glu Arg Thr Glu Val Pro Ala Gly Leu Thr Leu Ser Ala Val 
1025 1030 1035 1040 

Arg Ala Arg Leu Gin Ala Ser lie Pro Ala Ala Ala Thr Tyr Ala Glu 
1045 1050 1055 

Leu Thr Glu Met Gly Leu Gin Tyr Gly Pro Ala Phe Gin Gly lie Ala 
1060 1065 1070 

Glu Leu Tro Arg Gly Glu Gly Glu Ala Leu Gly Arg Val Arg Leu Pro 
1075 1080 1085 

Asp Ala Ala Gly Ser Ala Ala Glu Tyr Arg Leu His Pro Ala Leu Leu 
1090 1095 1100 

Asp Ala Cys Phe Gin lie Val Gly Ser Leu Phe Ala Arg Ser Gly Glu 
1105 1110 1115 1120 

Ala Thr Pro Trp Val Pro Val Glu Leu Gly Ser Leu Arg Leu Leu Gin 
1125 1130 1135 

Arg Pro Ser Gly Glu Leu Trp Cys His Ala Arg Val Val Asn His Gly 
1140 1145 1150 

His Gin Thr Pro Asp Arg Gin Gly Ala Asp Phe Trp Val Val Asp Ser 
1155 1160 1165 

Ser Gly Ala Val Val Ala Glu Val Cys Gly Leu Val Ala Gin Arg Leu 
' 1170 1175 1180 

Pro Gly Gly Val Arg Arg Arg Glu Glu Asp Asp Trp Phe Leu Glu Leu 
1185 1190 1195 1200 

Glu Trp Glu Pro Ala Ala Val Gly Thr Ala Lys Val Asn Ala Gly Arg 



1205 



1210 



1215 
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Trp Leu Leu Leu Gly Gly Gly .Gly Gly Leu Gly Ala Ala Leu Arg Ala 
1220 1225 1230 

Met Leu Glu Ala Gly Gly His Ala Val Val His Ala Ala Glu Asn Asn 
1235 1240 1245 

Thr Ser Ala Ala Gly Val Arg Ala Leu Leu Ala Lys Ala Phe Asp Gly 
1250 1255 1260 

Gin Ala Pro Thr Ala Val Val His Leu Gly Ser Leu Asp Gly Gly Gly 
1265 1270 1275 1280 

Glu Leu Asp Pro Gly Leu Gly Ala Gin Gly Ala Leu Asp Ala Pro Arg 
1285 1290 1295 

Ser Ala Asp Val Ser Pro Asp Ala Leu Asp Pro Ala Leu Val Arg Gly 
1300 1305 1310 

Cys Asp Ser Val Leu Trp Thr Val Gin Ala Leu Ala Gly Met Gly Phe 
1315 1320 1325 

Arg Asp Ala Pro Arg Leu Trp Leu Leu Thr Arg Gly Ala Gin Ala Val 
1330 1335 1340 

Gly Ala Gly Asp Val Ser Val Thr Gin Ala Pro Leu Leu Gly Leu Gly 
1345 1350 1355 1360 

Arg Val lie Ala Met Glu His Ala Asp Leu Arg Cys Ala Arg Val Asp 
1365 1370 1375 

Leu Asp Pro Ala Arg Pro Glu Gly Glu Leu Ala Ala Leu Leu Ala Glu 
1380 1385 1390 

Leu Leu Ala Asp Asp Ala Glu Ala Glu Val Ala Leu Arg Gly Gly Glu 
1395 1400 1405 

Arg Cys Val Ala Arg He Val Arg Arg Gin Pro Glu Thr Arg Pro Arg 
1410 1415 1420 

Gly Arg He Glu Ser Cys Val Pro Thr Asp Val Thr He Arg Ala Asp 
1425 1430 1435 1440 

Ser Thr Tyr Leu Val Thr Gly Gly Leu Gly Gly Leu Gly Leu Ser Val 
1445 1450 1455 

Ala Gly Trp Leu Ala Glu Arg Gly Ala Gly His Leu Val Leu Val Gly 
1460 1465 1470 

Arg Ser Gly Ala Ala Ser Val Glu Gin Arg Ala Ala Val Ala Ala Leu 
1475 1480 1485 

Glu Ala Arg Gly Ala Arg Val Thr Val Ala Lys Ala Asp Val Ala Asp 
1490' 1495 1500 

Arg Ala Gin Leu Glu Arg He Leu Arg Glu Val Thr Thr Ser Gly Met 
1505 1510 1515 1520 

Pro Leu Arg Gly Val Val His Ala Ala Gly He Leu Asp Asp Gly Leu 
1525 1530 1535 

Leu Met Gin Gin Thr Pro Ala Arg Phe Arg Lys Val Met Ala Pro Lys 
1540 1545 1550 

Val Gin Gly Ala Leu His Leu His Ala Leu Thr Arg Glu Ala Pro Leu 
1555 1560 1565 
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Ser Phe Phe Val Leu Tyr Ala Ser Gly Val Gly Leu Leu Gly Ser Pro 
1570 1575 1580 

Gly Gin Gly Asn Tyr Ala Ala Ala Asn Thr Phe Leu Asp Ala Leu Ala 
1585 1590 1595 1600 

His His Arg Arg Ala Gin Gly Leu Pro Ala Leu Ser Val Asp Trp Gly 
1605 1610 1615 

Leu Phe Ala Glu Val Gly Met Ala Ala Ala Gin Glu Asp Arg Gly Ala 
1620 1625 1630 

Arg Leu Val Ser Arg Gly Met Arg Ser Leu Thr Pro Asp Glu Gly Leu 
1635 1640 1645 

Ser Ala Leu Ala Arg Leu Leu Glu Ser Gly Arg Ala Gin Val Gly Val 
1650 1655 1660 

Met Pro Val Asn Pro Arg Leu Trp Val Glu Leu Tyr Pro Ala Ala Ala 
1665 1670 1675 1680 

Ser Ser Arg Met Leu Ser Arg Leu Val Thr Ala His Arg Ala Ser Ala 
1685 1690 1695 

Gly Gly Pro Ala Gly Asp Gly Asp Leu Leu Arg Arg Leu Ala Ala Ala 
, 1700 1705 1710 

Glu Pro Ser Ala Arg Ser Ala Leu Leu Glu Pro Leu Leu Arg Ala Gin 
1715 1720 1725 

He Ser Gin Val Leu Arg Leu Pro Glu Gly Lys He Glu Val Asp Ala 
1730 1735 1740 

Pro Leu Thr Ser Leu Gly Met Asn Ser Leu Met Gly Leu Glu Leu Arg 
1745 1750 1755 176C 

Asn Arg He Glu Ala Met Leu Gly He Thr Val Pro Ala Thr Leu Leu 
1765 1770 1775 

Trp Thr Tyr Pro Thr Val Ala Ala Leu Ser Gly His Leu Ala Arg Glu 
1780 1785 1790 

Ala Cys Glu Ala Ala Pro Val Glu Ser Pro His Thr Thr Ala Asp Ser 
1795 1800 1805 

Ala Val Glu He Glu Glu Met Ser Gin Asp Asp Leu Thr Gin Leu He 
1810 1815 1820 

Ala Ala Lys Phe Lys Ala Leu Thr 
1825 1830 



<210> 5 
<2.11> 7257 
<212> PP.T 

<213> Sorangium cellulosum 
<400> 5 

Met Thr Thr Arg Gly Pro Thr Ala Gin Gin Asn Pro Leu Lys Gin Ala 
15 10 15 

Ala He He He Gin Arg Leu Glu Glu Arg Leu Ala Gly Leu Ala Gin 
20 25 30 
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Ala Glu Leu Glu Arg Thr Glu Pro He Ala He Val Gly lie Gly Cys 
35 40 45 

Arg Phe Pro Gly Gly Ala Asp Ala Pro Glu Ala Phe Trp Glu Leu Leu 
50 55 60 

Asp Ala Glu Arg Asp Ala Val Gin Pro Leu Asp Mec Arg Trp Ala Leu 
65 70 75 80 

Val Gly Val Ala Pro Val Glu Ala Val Pro His Trp Ala Gly Leu Leu 
35 90 95 

Thr Glu Pro He Asp Cys Phe Asp Ala Ala Phe Phe Gly He Ser Pro 
100 105 HO 

Arg Glu Ala Arg Ser Leu Asp Pro Gin His Arg Leu Leu Leu Glu Val 
115 120 125 

Ala Trp Glu Gly Leu Glu Asp Ala Gly He Pro Pro Arg Ser He Asp 
130 135 140 

Gly Ser Arg Thr Gly Val Phe Val Gly Ala Phe Thr Ala Asp Tyr Ala 
145 150 155 160 

Arg Thr Val Ala Arg Leu Pro Arg Glu Glu Arg Asp Ala Tyr Ser Ala 
165 170 175 

Thr Gly Asn Met Leu Ser lie Ala Ala Gly Arg Leu Ser Tyr Thr Leu 
180 185 190 

Gly Leu Gin Gly Pro Cys Leu Thr Val Asp Thr Ala Cys Ser Ser Ser 
195 200 205 

Leu Val Ala He His Leu Ala Cys Arg Ser Leu Arg Ala Gly Glu Ser 
210 215 220 

Asp Leu Ala Leu Ala Gly Gly Val Ser Ala Leu Leu Ser Pro Asp Met 
225 230 235 240 

Met Glu Ala Ala Ala Arg Thr Gin Ala Leu Ser Pro Asp Gly Arg Cys 
245 250 255 

Arg Thr Phe Asp Ala Ser Ala Asn Gly Phe Val Arg Gly Glu Gly Cys 
260 265 270 

Gly Leu Val Val Leu Lys Arg Leu Ser Asp Ala Gin Arg Asp Gly Asp 
275 280 285 

Arg He Trp Ala Leu He Arg Gly Ser Ala He Asn His Asp Gly Arg 
290 295 300 

Ser Thr Gly Leu Thr Ala Pro Asn Val Leu Ala Gin Glu Thr Val Leu 
305 - 310 315 320 

Arg Glu Ala Leu Arg Ser Ala His Val Glu Ala Gly Ala Val Asp Tyr 
325 330 335 

Val Glu Thr His Gly Thr Gly Thr Ser Leu Gly Asp Pro He Glu Val 
340 345 350 

Glu Ala Leu Arg Ala Thr Val Gly Pro Ala Arg Ser Asp Gly Thr Arg 
355 360 365 



Cys Val Leu Gly Ala Val Lys Thr Asn lie Gly His Leu Glu Ala Ala 
370 375 380 
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Ala Gly Val Ala Gly Leu lie Lys Ala Ala Leu Ser Leu Thr Kis Glu 
385 390 395 400 

Arg He Pro Arg Asn Leu Asn Phe Arg Thr Leu Asn Pro Arg He Arg 
405 410 415 

Leu Glu Gly Ser Ala Leu Ala Leu Ala Thr Glu Pro Val Pro Trp Pro 
420 425 430 

Arg Thr Asp Arg Pro Arg Phe Ala Gly Val Ser Ser Phe Gly Met Ser 
435 440 445 

Gly Thr Asn Ala His Val Val Leu Glu Glu Ala Pro Ala Val Glu Leu 
450 455 460 

Trp Pro Ala Ala Pro Glu Arg Ser Ala Glu Leu Leu Val Leu Ser Gly 
465 470 475 480 

Lys Ser Glu Gly Ala Leu Asp Ala Gin Ala Ala Arg Leu Arg Glu His 
485 490 495 

Leu Asp Met His Pro Glu Leu Gly Leu Gly Asp Val Ala Phe Ser Leu 
500 505 510 

Ala Thr Thr Arg Ser Ala Met Ser His Arg Leu Ala Val Ala Val Thr 
515 520 525 

Ser Arg Glu Gly Leu Leu Ala Ala Leu Ser Ala Val Ala Gin Gly Gin 
530 535 540 

Thr Pro Ala Gly Ala Ala Arg Cys He Ala Ser Ser Ser Arg Gly Lys 
545 550 555 560 

Leu Ala Phe Leu Phe Thr Gly Gin Gly Ala Gin Thr Pro Gly Met Gly 
565 570 575 

Arg Gly Leu Cys Ala Ala Trp Pro Ala Phe Arg Glu Ala Phe Asp Arg 
580 585 590 

Cys Val Ala Leu Phe Asp Arg Glu Leu Asp Arg Pro Leu Arg Glu Val 
595 600 605 

Met Trp Ala Glu Ala Gly Ser Ala Glu Ser Leu Leu Leu Asp Gin Thr 
610 * 615 620 

Ala Phe Thr Gin Pro Ala Leu Phe Ala Val Glu Tyr Ala Leu Thr Ala 
625 630 635 640 

Leu Trp Arg Ser Trp Gly Val Glu Pro Glu Leu Leu Val Gly His Ser 
645 650 655 

He Gly Glu Leu Val Ala Ala Cys Val Ala Gly Val Phe Ser Leu Glu 
660 665 670 

Asd Gly Val Arg Leu Val Ala Ala Arg Gly Arg Leu Met Gin Gly Leu 
675 680 685 

Ser Ala Gly Gly Ala Met Val Ser Leu Gly Ala Pro Glu Ala Glu Val 
690 695 700 



Ala Ala Ala Val Ala Pro His Ala Ala Ser Val Ser He Ala Ala Val 
705 710 715 720 

Asn Gly Pro Glu Gin Val Val He Ala Gly Val Glu Gin Ala Val Gin 
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725 730 735 

Ala He Ala Ala Gly Phe Ala Ala Arg Gly Ala Arg Thr Lys Arg Leu 
740 745 750 

His Val Ser His Ala Phe His Ser Pro Leu Met Glu Pro Met Leu Glu 
755 760 765 

Glu Phe Gly Arg Val Ala Ala Ser Val Thr Tyr Arg Arg Pro Ser Val 
770 775 780 

Ser Leu Val Ser Asn Leu Ser Gly Lys Val Val Thr Asp Glu Leu Ser 
785 790 795 800 

Ala Pro Gly Tyr Trp Val Arg His Val Arg Glu Ala Val Arg Phe Ala 
805 810 815 

Asp Gly Val Lys Ala Leu His Glu Ala Gly Ala Gly Thr Phe Val Glu 
820 825 830 

Val Gly Pro Lys Pro Thr Leu Leu Gly Leu Leu Pro Ala Cys Leu Pro 
835 840 845 

Glu Ala Glu Pro Thr Leu Leu Ala Ser Leu Arg Ala Gly Arg Glu Glu 
850 855 860 

Ala Ala Gly Val Leu Glu Ala Leu Gly Arg Leu Trp Ala Ala Gly Gly 
865 870 875 880 

Ser Val Ser Trp Pro Gly Val Phe Pro Thr Ala Gly Arg Arg Val Pro 
885 890 895 

Leu Pro Thr Tyr Pro Trp Gin Arg Gin Arg Tyr Trp lie Glu Ala Pro 
900 905 910 

Ala Glu Gly Leu Gly Ala Thr Ala Ala Asp Ala Leu Ala Gin Trp Phe 
915 920 925 

Tyr Arg Val Asp Trp Pro Glu Met Pro Arg Ser Ser Val Asp Ser Arg 
930 935 940 

Arg Ala Arg Ser Gly Gly Trp Leu Val Leu Ala Asp Arg Gly Gly Val 
945 950 955 960 

Gly Glu Ala Ala Ala Ala Ala Leu Ser Ser Gin Gly Cys Ser Cys Ala 
965 970 975 

Val Leu His Ala Pro Ala Glu Ala Ser Ala Val Ala Glu Gin Val Thr 
980 985 990 

Gin Ala Leu Gly Gly Arg Asn Asp Trp Gin Gly Val Leu Tyr Leu Trp 
... 995 1000 1005 

Gly Leu Asp Ala Val Val Glu Ala Gly Ala Ser Ala Glu Glu Val Ala 
1010 1015 1020 

Lys Val Thr His Leu Ala Ala Ala Pro Val Leu Ala Leu He Gin Ala 
1025 1030 1035 1040 

Leu Gly Thr Gly Pro Arg Ser Pro Arg Leu Trp He Val Thr Arg Gly 
1045 1050 1055 

Ala Cys Thr Val Gly Gly Glu Pro Asp Ala Ala Pro Cys Gin Ala Ala 
1060 1065 1070 
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Leu Trp Gly Met Gly Arg Val Ala Ala Leu Glu His Pro Gly Ser Tip 
1075 1080 1085 

Gly Gly Leu Val Asp Leu Asp Pro Glu Glu Ser Pro Thr Glu Val Glu 
1090 1095 1100 

Ala Leu Val Ala Glu Leu Leu Ser Pro Asp Ala Glu Asp Gin Leu Ala 
1105 1110 1115 1120 

Phe Arg Gin Gly Arg Arg Arg Ala Ala Arg Leu Val Ala Ala Pro Pro 
1125 1130 1135 

Glu Gly Asn Ala Ala Pro Val Ser Leu Ser Ala Glu Gly Ser Tyr Leu 
1140 1145 1150 

Val Thr Gly Gly Leu Gly Ala Leu Gly Leu Leu Val Ala Arg Trp Leu 
1155 1160 1165 

Val Glu Arg Gly Ala Gly His Leu Val Leu lie Ser Arg His Gly Leu 
1170 1175 1180 

Pro Asp Arg Glu Glu Trp Gly Arg Asp Gin Pro Pro Glu Val Arg Ala 
1185 1190 1195 1200 

Arg lie Ala Ala lie Glu Ala Leu Glu Ala Gin Gly Ala Arg Val Thr 
1205 1210 1215 

Val Ala Ala Val Asp Val Ala Asp Ala Glu Gly Met Ala Ala Leu Leu 
1220 1225 1230 

Ala Ala Val Glu Pro Pro Leu Arg Gly Val Val His Ala Ala Gly Leu 
1235 1240 1245 

Leu Asp Asp Gly Leu Leu Ala His Gin Asp Ala Gly Arg Leu Ala Arg 
1250 1255 1260 

Val Leu Arg Pro Lys Val Glu Gly Ala Trp Val Leu His Thr Leu Thr 
1265 1270 1275 1280 

Arg Glu Gin Pro Leu Asp Leu Phe Val Leu Phe Ser Ser Ala Ser Gly 
1285 1290 1295 

Val Phe Gly Ser lie Gly Gin Gly Ser Tyr Ala Ala Gly Asn Ala Phe 
1300 1305 1310 

Leu Asp Ala Leu Ala Asp Leu Arg Arg Thr Gin Gly Leu Ala Ala Leu 
1315 1320 1325 

Ser lie Ala Trp Gly Leu Trp Ala Glu Gly Gly Met Gly Ser Gin Ala 
1330 1335 1340 

Gin Arg Arg Glu His Glu Ala Ser Gly He Trp Ala Met Pro Thr Ser 
1345 * 1350 1355 1360 

Arg Ala Leu Ala Ala Met Glu Trp Leu Leu Gly Thr Arg Ala Thr Gin 
1365 1370 1375 

Arg Val Val lie Gin Met Asp Trp Ala His Ala Gly Ala Ala Pro Arg 
1380 1385 1390 

Asp Ala Ser Arg Gly Arg Phe Trp Asp Arg Leu Val Thr Ala Thr Lys 
1395 1400 1405 

Glu Ala Ser- Ser Ser Ala Val Pro Ala Val Glu Arg Trp Arg Asn Ala 
1410 1415 1420 
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Ser Val Val Glu Thr Arg Ser Ala Leu Tyr Glu Leu Val Arg Gly Val 
1425 1430 1435 1440 

Val Ala Gly Val Met Gly Phe Thr Asp Gin Gly Thr Leu Asp Val Arg 
1445 1450 1455 

Arg Gly Phe Ala Glu Gin Gly Leu Asp Ser Leu Met Ala Val Glu He 
1460 1465 1470 

Arg Lys Arg Leu Gin Gly Glu Leu Gly Met Pro Leu Ser Ala Thr Leu 
1475 1480 1485 

Ala Phe Asp His Pro Thr Val Glu Arg Leu Val Glu Tyr Leu Leu Ser 
1490 1495 1500 

Gin Ala Leu Glu Leu Gin Asp Arg Thr Asp Val Arg Ser Val Arg Leu 
1505 1510 1515 1520 

Pro Ala Thr Glu Asp Pro He Ala He Val Gly Ala Ala Cys Arg Phe 
1525 1530 1535 

Pro Gly Gly Val Glu Asp Leu Glu Ser Tyr Trp Gin Leu Leu Thr Glu 
1540 1545 1550 

Gly Val Val Val Ser Thr Glu Val Pro Ala Asp Arg Trp Asn Gly Ala 
1555 1560 1565 

Asp Gly Arg Val Pro Gly Ser Gly Glu Ala Gin Arg Gin Thr Tyr Val 
1570 1575 1580 

Pro Arg Gly Gly Phe Leu Arg Glu Val Glu Thr Phe Asp Ala Ala Phe 
1585 1590 1595 1600 

Phe His He Ser Pro Arg Glu Ala Met Ser Leu Asp Pro Gin Gin Arg 
1605 1610 1615 

Leu Leu Leu Glu Val Ser Trp Glu Ala He Glu Arg Ala Gly Gin Asp 
1620 1625 1630 

Pro Ser Ala Leu Arg Glu Ser Pro Thr Gly Val Phe Val Gly Ala Gly 
1635 1640 1645 

Pro Asn Glu Tyr Ala Glu Arg Val Gin Glu Leu Ala Asp Glu Ala Ala 
1650 1655 1660 

Gly Leu Tyr Ser Gly Thr Gly Asn Met Leu Ser Val Ala Ala Gly Arg 
1665 1670 1675 1680 

Leu Ser Phe Phe Leu Gly Leu His Gly Pro Thr Leu Ala Val Asp Thr 
1685 1690 1695 

Ala Cys Ser Ser Ser Leu Val Ala Leu His Leu Gly Cys Gin Ser Leu 
1700 1705 1710 

Arg Arg Gly Glu Cys Asp Gin Ala Leu Val Gly Gly Val Asn Met Leu 
1715 1720 1725 

Leu Ser Pro Lys Thr Phe Ala Leu Leu Ser Arg Met His Ala Leu Ser 
1730 1735 1740 

Pro Gly Gly Arg Cys Lys Thr Phe Ser Ala Asp Ala Asp Gly Tyr Ala 
1745 1750 1755 1760 

Arg Ala Glu Gly Cys Ala Val Val Val Leu Lys Arg Leu Ser Asp Ala 
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1765 1770 1775 

Gin Arg Asp Arg Asp Pro lie Leu Ala Val lie Arg Gly Thr Ala He 
1780 1785 1790 

Asn His Asp Gly Pro Ser Ser Gly Leu Thr Val Pro Ser Gly Pro Ala 
1795 1800 1805 

Gin Glu Ala Leu Leu Arg Gin Ala Leu Ala His Ala Gly Val Val Pro 
1810 1815 1820 

Ala Asp Val Asp Phe Val Glu Cys His Gly Thr Gly Thr Ala Leu Gly 
1825 1830 1835 1840 

Asp Pro He Glu Val Arg Ala Leu Ser Asp Val Tyr Gly Gin Ala Arg 
1845 1850 1855 

Pro Ala Asp Arg Pro Leu He Leu Gly Ala Ala Lys Ala Asn Leu Gly 
1860 1865 1870 

His Met Glu Pro Ala Ala Gly Leu Ala Gly Leu Leu Lys Ala Val Leu 
1875 1880 1885 

Ala Leu Gly Gin Glu Gin lie Pro Ala Gin Pro Glu Leu Gly Glu Leu 
1890 1895 1900 

Asn Pro Leu Leu Pro Trp Glu Ala Leu Pro Val Ala Val Ala Arg Ala 
1905 1910 1915 1920 

Ala Val Pro Trp Pro Arg Thr Asp Arg Pro Arg Phe Ala Gly Val Ser 
1925 1930 1935 

Ser Phe Gly Met Ser Gly Thr Asn Ala His Val Val Leu Glu Glu Ala 
1940 1945 1950 

Pro Ala Val Glu Leu Trp Pro Ala Ala Pro Glu Arg Ser Ala Glu Leu 
1955 1960 1965 

Leu Val Leu Ser Gly Lys Ser Glu Gly Ala Leu Asp Ala Gin Ala Ala 
1970 1975 1980 

Arg Leu Arg Glu His Leu Asp Met His Pro Glu Leu Gly Leu Gly Asp 
1985 1990 1995 2000 

Val Ala Phe Ser Leu Ala Thr Thr Arg Ser Ala Met Asn His Arg Leu 
2005 2010 2015 

Ala Val Ala Val Thr Ser Arg Glu Gly Leu Leu Ala Ala Leu Ser Ala 
2020 2025 2030 

Val Ala Gin Gly Gin Thr Pro Pro Gly Ala Ala Arg Cys He Ala Ser 
- 2035 2040 2045 

Ser Ser Arg Gly Lys Leu Ala Phe Leu Phe Thr Gly Gin Gly Ala Gin 
2050 2055 2060 

Thr Pro Gly Met Gly Arg Gly Leu Cys Ala Ala Trp Pro Ala Phe Arg 
2065 2070 2075 2080 

Glu Ala Phe Asp Arg Cys Val Ala Leu Phe Asp Arg Glu Leu Asp Arg 
2085, 2090 2095 

Pro Leu Arg Glu Val Met Trp Ala Glu Pro Gly Ser Ala Glu Ser Leu 
2100 2105 2110 



WO 99/66028 



PCT/EP99/04171 



-39- 



Leu Leu Asp Gin Thr Ala Phe Thr Gin Pro Ala Leu Phe Thr Val Glu 
2115 2120 2125 

Tyr Ala Leu Thr Ala Leu Trp Arg Ser Trp Gly Val Glu Pro Glu Leu 
2130 2135 2140 

Val Ala Gly His Ser Ala Gly Glu Leu Val Ala Ala Cys Val Ala Gly 
2145 2150 2155 2160 

Val Phe Ser Leu Glu Asp Gly Val Arg Leu Val Ala Ala Arg Gly Arg 
2165 2170 2175 

Leu Met Gin Gly Leu Ser Ala Gly Gly Ala Met Val Ser Leu Gly Ala 
2180 2185 2190 

Pro Glu Ala Glu Val Ala Ala Ala Val Ala Pro His Ala Ala Ser Val 
2195 2200 2205 

Ser He Ala Ala Val Asn Gly Pro Glu Gin Val Val lie Ala Gly Val 
2210 2215 2220 

Glu Gin Ala Val Gin Ala He Ala Ala Gly Phe Ala Ala Arg Gly Ala 
2225 2230 2235 2240 

Arg Thr Lys Arg Leu His Val Ser His Ala Ser His Ser Pro Leu Met 
2245 2250 2255 

Glu Pro Met Leu Glu Glu Phe Gly Arg Val Ala Ala Ser Val Thr Tyr 
2260 2265 2270 

Arg Arg Pro Ser Val Ser Leu Val Ser Asn Leu Ser Gly Lys Val Val 
2275 2280 2285 

Ala Asp Glu Leu Ser Ala Pro Gly Tyr Trp Val Arg His Val Arg Glu 
2290 2295 2300 

Ala Val Arg Phe Ala Asp Gly Val Lys Ala Leu His Glu Ala Gly Ala 
2305 2310 2315 2320 

Gly Thr Phe Val Glu Val Gly Pro Lys Pro Thr Leu Leu Gly Leu Leu 
2325 2330 2335 

Pro Ala Cys Leu Pro Glu Ala Glu Pro Thr Leu Leu Ala Ser Leu Arg 
2340 2345 2350 

Ala Gly Arg Glu Glu Ala Ala Gly Val Leu Glu Ala Leu Gly Arg Leu 
2355 2360 2365 

Trp Ala Ala Gly Gly Ser Val Ser Trp Pro Gly Val Phe Pro Thr Ala 
2370 2375 2380 

Gly Arg. Arg Val Pro Leu Pro Thr Tyr Pro Trp Gin Arg Gin Arg Tyr 
2385 2390 2395 2400 

Trp Pro Asp He Glu Pro Asp Ser Arg Arg His Ala Ala Ala Asp Pro 
2405 2410 2415 

Thr Gin Gly Trp Phe Tyr Arg Val Asp Trp Pro Glu He Pro Arg Ser 
2420 2425 2430 

Leu Gin Lys Ser Glu Glu Ala Ser Arg Gly Ser Trp Leu Val Leu Ala 
2435 2440 2445 

Asp Lys Gly Gly Val Gly Glu Ala Val Ala Ala Ala Leu Ser Thr Arg 
2450 2455 2460 
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Gly Leu Pro Cys Val Val Leu His Ala Pro Ala Glu Thr Ser Ala Thr 
2465 2470 2475 2480 

Ala Glu Leu Val Thr Glu Ala Ala Gly Gly Arg Ser Asp Trp Gin Val 
2485 2490 2495 

Val Leu Tyr Leu Trp Gly Leu Asp Ala Val Val Gly Ala Glu Ala Ser 
2500 2505 2510 

lie Asp Glu lie Gly Asp Ala Thr Arg Arg Ala Thr Ala Pro Val Leu 
2515 2520 2525 

Gly Leu Ala Arg Phe Leu Ser Thr Val Ser Cys Ser Pro Arg Leu Trp 
2530 2535 2540 

Val Val Thr Arg Gly Ala Cys He Val Gly Asp Glu Pro Ala He Ala 
2545 2550 2555 2560 

Pro Cys Gin Ala Ala Leu Trp Gly Met Gly Arg Val Ala Ala Leu Glu 
2565 2570 2575 

His Pro Gly Ala Trp Gly Gly Leu Val Asp Leu Asp Pro Arg Ala Ser 
2580 2585 2590 

Pro Pro Gin Ala Ser Pro lie Asp Gly Glu Met Leu Val Thr Glu Leu 
2595 2600 2605 

Leu Ser Gin Glu Thr Glu Asp Gin Leu Ala Phe Arg His Gly Arg Arg 
2610 2615 2620 

His Ala Ala Arg Leu Val Ala Ala Pro Pro Gin Gly Gin Ala Ala Pro 
2625 2630 2635 2640 

Val Ser Leu Ser Ala Glu Ala Ser Tyr Leu Val Thr Gly Gly Leu Gly 
2645 2650 2655 

Gly Leu Gly Leu He Val Ala Gin Trp Leu Val Glu Leu Gly Ala Arg 
2660 2665 2670 

His Leu Val Leu Thr Ser Arg Arg Gly Leu Pro Asp Arg Gin Ala Trp 
2675 2680 2685 

Cys Glu Gin Gin Pro Pro Glu He Arg Ala Arg He Ala Ala Val Glu 
2690 2695 2700 

Ala Leu Glu Ala Arg Gly Ala Arg Val Thr Val Ala Ala Val Asp Val 
2705 2710 2715 2720 

Ala Asp Val Glu Pro Met Thr Ala Leu Val Ser Ser Val Glu Pro Pro 
2725 2730 2735 

Leu Arg Gly Val Val His Ala Ala Gly Val Ser Val Met Arg Pro Leu 
2740 2745 2750 

Ala Glu Thr Asp Glu Thr Leu Leu Glu Ser Val Leu Arg Pro Lys Val 
2755 2760 2765 

Ala Gly Ser Trp Leu Leu His Arg Leu Leu His Gly Arg Pro Leu Asp 
2770 2775 2780 

Leu Phe Val Leu Phe Ser Ser Gly Ala Ala Val Trp Gly Ser His Ser 
2785 2790 2795 2800 

Gin Gly Ala Tyr Ala Ala Ala Asn Ala Phe Leu Asp Gly Leu Ala His 
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2805 2810 2815 

Leu Arg Arg Ser Gin Ser Leu Pro Ala Leu Ser Val Ala Trp Gly Leu 
2820 2825 2830 

Trp Ala Glu Gly Gly Met Ala Asp Ala Glu Ala His Ala Arg Leu Ser 
2835 2840 2845 

Asp He Gly Val Leu Pro Met Ser Thr Ser Ala Ala Leu Ser Ala Leu 
2850 2855 2860 

Gin Arg Leu Val Glu Thr Gly Ala Ala Gin Arg Thr Val Thr Arg Met 
2865 2870 2875 2880 

Asp Trp Ala Arg Phe Ala Pro Val Tyr Thr Ala Arg Gly Arg Arg Asn 
2885 2890 2895 

Leu Leu Ser Ala Leu Val Ala Gly Arg Asp He He Ala Pro Ser Pro 
2900 2905 2910 

Pro Ala Ala Ala Thr Arg Asn Trp Arg Gly Leu Ser Val Ala Glu Ala 
2915 2920 2925 

Arg Val Ala Leu His Glu He Val His Gly Ala Val Ala Arg Val Leu 
2930 2935 2940 

Gly Phe Leu Asp Pro Ser Ala Leu Asp Pro Gly Met Gly Phe Asn Glu 
2945 2950 2955 2960 

Gin Gly Leu Asp Ser Leu Met Ala Val Glu He Arg Asn Leu Leu Gin 
2965 2970 2975 

Ala Glu Leu Asp Val Arg Leu Ser Thr Thr Leu Ala Phe Asp His Pro 
2980 2985 2990 

Thr Val Gin Arg Leu Val Glu His Leu Leu Val Asp Val Leu Lys Leu 
2995 3000 3005 

Glu Asp Arg Ser Asp Thr Gin His Val Arg Ser Leu Ala Ser Asp Glu 
3010 3015 3020 

Pro lie Ala He Val Gly Ala Ala Cys Arg Phe Pro Gly Gly Val Glu 
3025 3030 3035 3040 

Asp Leu Glu Ser Tyr Trp Gin Leu Leu Ala Glu Gly Val Val Val Ser 
3045 3050 3055 

Ala Glu Val Pro Ala Asp Arg Trp Asp Ala Ala Asp Trp Tyr Asp Pro 
3060 3065 3070 

Asp Pro Glu He Pro Gly Arg Thr Tyr Val Thr Lys Gly Ala Phe Leu 
-3075 3080 3085 

Arg Asp Leu Gin Arg Leu Asp Ala Thr Phe Phe Arg He Ser Pro Arg 
3090 3095 3100 

Glu Ala Met Ser Leu Asp Pro Gin Gin Arg Leu Leu Leu Glu Val Ser 
3105 3110 3115 3120 

Trp Glu Ala Leu Glu Ser Ala Gly He Ala Pro Asp Thr Leu Arg Asp 
3125 3130 3135 

Ser Pro Thr Gly Val Phe Val Gly Ala Gly Pro Asn Glu Tyr Tyr Thr 
3140 3145 3150 
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Gln Arg Leu Arg Gly Phe Thr Asp Gly Ala Ala Gly Leu Tyr Gly Gly 
3155 3160 3165 

Thr Gly Asn Met Leu Ser Val Thr Ala Gly Arg Leu Ser Phe Phe Leu 
3170 3175 3180 

Gly Leu His Gly Pro Thr Leu Ala Met Asp Thr Ala Cys Ser Ser Ser 
3185 3190 3195 3200 

Leu Val Ala Leu His Leu Ala Cys Gin Ser Leu Arg Leu Gly Glu Cys 
3205 3210 3215 

Asp Gin Ala Leu Val Gly Gly Val Asn Val Leu Leu Ala Pro Glu Thr 
3220 3225 3230 

Phe Val Leu Leu Ser Arg Met Arg Ala Leu Ser Pro Asp Gly Arg Cys 
3235 3240 3245 

Lys Thr Phe Ser Ala Asp Ala Asp Gly Tyr Ala Arg Gly Glu Gly Cys 
3250 3255 3260 

Ala Val Val Val Leu Lys Arg Leu Arg Asp Ala Gin Arg Ala Gly Asp 
3265 3270 3275 3280 

Ser lie Leu Ala Leu lie Arg Gly Ser Ala Val Asn His Asp Gly Pro 
3285 3290 3295 

Ser Ser Gly Leu Thr Val Pro Asn Gly Pro Ala Gin Gin Ala Leu Leu 
3300 3305 3310 

Arg Gin Ala Leu Ser Gin Ala Gly Val Ser Pro Val Asp Val Asp Phe 
3315 3320 3325 

Val Glu Cys His Gly Thr Gly Thr Ala Leu Gly Asp Pro He Glu Val 
3330 3335 3340 

Gin Ala Leu Ser Glu Val Tyr Gly Pro Gly Arg Ser Gly Asp Arg Pro 
3345 3350 3355 3360 

Leu Val Leu Gly Ala Ala Lys Ala Asn Val Ala His Leu Glu Ala Ala 
3365 3370 3375 

Ser Gly Leu Ala Ser Leu Leu Lys Ala Val Leu Ala Leu Arg His Glu 
3380 3385 3390 

Gin He Pro Ala Gin Pro Glu Leu Gly Glu Leu Asn Pro His Leu Pro 
3395 3400 3405 

Trp Asn Thr Leu Pro Val Ala Val Pro Arg Lys Ala Val Pro Trp Gly 
3410 3415 3420 

Arg Gly Ala Arg Pro Arg Arg Ala Gly Val Ser Ala Phe Gly Leu Ser 
3425 3430 3435 3440 

Gly Thr Asn Val His Val Val Leu Glu Glu Ala Pro Glu Val Glu Pro 
3445 3450 3455 

Ala Pro Ala Ala Pro Ala Arg Pro Val Glu Leu Val Val Leu Ser Ala 
3460 3465 3470 

Lys Ser Ala Ala Ala Leu Asp Ala Ala Ala Ala Arg Leu Ser Ala His 
3475 3480 3485 

Leu Ser Ala His Pro Glu Leu Ser Leu Gly Asp Val Ala Phe Ser Leu 
3490 3495 3500 
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Ala Thr Thr Arg Ser Pro Met Glu His Arg Leu Ala lie Ala Thr Thr 
3505 3510 3515 3520 

Ser Arg Glu Ala Leu Arg Gly Ala Leu Asp Ala Ala Ala Gin Gin Lys 
3525 3530 3535 

Thr Pro Gin Gly Ala Val Arg Gly Lys Ala Val Ser Ser Arg Gly Lys 
3540 3545 3550 

Leu Ala Phe Leu Phe Thr Gly Gin Gly Ala Gin Met Pro Gly Met Gly 
3555 3560 3565 

Arg Gly Leu Tyr Glu Thr Trp Pro Ala Phe Arg Glu Ala Phe Asp Arg 
3570 3575 3580 

Cys Val Ala Leu Phe Asp Arg Glu lie Asp Gin Pro Leu Arg Glu Val 
3585 3590 3595 3600 

Met Trp Ala Ala Pro Gly Leu Ala Gin Ala Ala Arg Leu Asd Gin Thr 
3605 3610 *3615 

Ala Tyr Ala Gin Pro Ala Leu Phe Ala Leu Glu Tyr Ala Leu Ala Ala 
3620 3625 3630 

Leu Trp Arg Ser Trp Gly Val Glu Pro His Val Leu Leu Gly His Ser 
3635 3640 3645 

lie Gly Glu Leu Val Ala Ala Cys Val Ala Gly Val Phe Ser Leu Glu 
3650 3655 3660 

Asp Ala Val Arg Leu Val Ala Ala Arg Gly Arg Leu Met Gin Ala Leu 
3665 3670 3675 3680 

Pro Ala Gly Gly Ala Met Val Ala lie Ala Ala Ser Glu Ala Glu Val 
3685 3690 3695 

Ala Ala Ser Val Ala Pro His Ala Ala Thr Val Ser lie Ala Ala Val 
3700 3705 3710 

Asn Gly Pro Asp Ala Val Val He Ala Gly Ala Glu Val Gin Val Leu 
3715 3720 3725 

Ala Leu Gly Ala Thr Phe Ala Ala Arg Gly He Arg Thr Lys Arg Leu 
3730 3735 3740 

Ala Val Ser His Ala Phe His Ser Pro Leu Met Asp Pro Met Leu Glu 
3745 3750 3755 3760 

Asp Phe Gin Arg Val Ala Ala Thr He Ala Tyr Arg Ala Pro Asp Arg 
3765 3770 3775 

Pro Val Val Ser Asn Val Thr Gly His Val Ala Gly Pro Glu He Ala 
3780 3785 3790 

Thr Pro Glu Tyr Trp Val Arg His Val Arg Ser Ala Val Arg Phe Gly 
3795 3800 3805 

Asp Gly Ala Lys Ala Leu His Ala Ala Gly Ala Ala Thr Phe Val Glu 
3810 3815 3820 

Val Gly Pro Lys Pro Val Leu Leu Gly Leu Leu Pro Ala Cys Leu Gly 
3825 3830 3835 3840 

Glu Ala Asp Ala Val Leu Val Pro Ser Leu Arg Ala Asp Arg Ser Glu 
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3845 



3850 



3855 



Cys Glu Val Val Leu Ala Ala Leu Gly Ala Trp Tyr Ala Trp Gly Gly 
3860 3865 3870 

Ala Leu Asp Trp Lys Gly Val Phe Pro Asp Gly Ala Arg Arg Val Ala 
3875 3880 3885 

Leu Pro Met Tyr Pro Trp Gin Arg Glu Arg His Trp Met Asp Leu Thr 
3890 3895 3900 

Pro Arg Ser Ala Ala Pro Ala Gly He Ala Gly Arg Trp Pro Leu Ala 
3905 3910 3915 3920 

Gly Val Gly Leu Cys Met Pro Gly Ala Val Leu Kis His Val Leu Ser 
3925 3930 3935 

He Gly Pro Arg His Gin Pro Phe Leu Gly Aso His Leu Val Phe Gly 
3940 3945 3950 

Lys Val Val Val Pro Gly Ala Phe His Val Ala Val He Leu Ser He 
3955 3960 3965 

Ala Ala Glu Arg Trp Pro Glu Arg Ala He Glu Leu Thr Gly Val Glu 
3970 3975 3980 

Phe Leu Lys Ala He Ala Met Glu Pro Asp Gin Glu Val Glu Leu His 
3985 3990 3995 4000 

Ala Val Leu Thr Pro Glu Ala Ala Gly Asp Gly Tyr Leu Phe Glu Leu 
4005 4010 4C15 

Ala Thr Leu Ala Ala Pro Glu Thr Glu Arg Arg Trp Thr Thr His Ala 
4020 4025 4030 

Arg Gly Arg Val Gin Pro Thr Asp Gly Ala Pro Gly Ala Leu Pro Arg 
4035 4040 4045 

Leu Glu Val Leu Glu Asp Arg Ala He Gin Pro Leu Asp Phe Ala Gly 
4050 4055 4060 

Phe Leu Asp Arg Leu Ser Ala Val Arg He Gly Trp Gly Pro Leu Trp 
4065 4070 4075 4080 

Arg Trp Leu Gin Asp Gly Arg Val Gly Asp Glu Ala Ser Leu Ala Thr 
4085 4090 4095 

Leu Val Pro Thr Tyr Pro Asn Ala His Asp Val Ala Pro Leu His Pro 
4100 4105 4110 

He Leu Leu Asp Asn Gly Phe Ala Val Ser Leu Leu Ser Thr Arg Ser 
...4115 4120 4125 

Glu Pro Glu Asp Asp Gly Thr Pro Pro Leu Pro Phe Ala Val Glu Arg 
4130 4135 4140 

Val Arg Trp Trp Arg Ala Pro Val Gly Arg Val Arg Cys Gly Gly Val 
4145 4150 4155 4160 

Pro Arg Ser Gin Ala Phe Gly Val Ser Ser Phe Val Leu Val Asp Glu 
4165 4170 4175 

Thr Gly Glu Val Val Ala Glu Val Glu Gly Phe Val Cys Arg Arg Ala 
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Pro Arg Glu Val Phe Leu Arg Gin Glu Ser Gly Ala Ser Thr Ala Ala 
4195 4200 4205 

Leu Tyr Arg Leu Asp Trp Pro Glu Ala Pro Leu Pro Asp Ala Pro Ala 
4210 4215 4220 

Glu Arg He Glu Glu Ser Trp Val Val Val Ala Ala Pro Gly Ser Glu 
4225 4230 4235 4240 

Met Ala Ala Ala Leu Ala Thr Arg Leu Asn Arg Cys Val Leu Ala Glu 
4245 4250 4255 

Pro Lys Gly Leu Glu Ala Ala Leu Ala Gly Val Ser Pro Ala Gly Val 
4260 4265 4270 

He Cys Leu Trp Glu Ala Gly Ala His Glu Glu Ala Pro Ala Ala Ala 
4275 4280 4285 

Gin Arg Val Ala Thr Glu Gly Leu Ser Val Val Gin Ala Leu Arg Asp 
4290 4295 4300 

Arg Ala Val Arg Leu Trp Trp Val Thr Mec Gly Ala Val Ala Val Glu 
4305 4310 4315 4320 

Ala Gly Glu Arg Val Gin Val Ala Thr Ala Pro Val Trp Gly Leu Gly 
4325 4330 4335 

Arg Thr Val Met Gin Glu Arg Pro Glu Leu Ser Cys Thr Leu Val Asp 
4340 4345 4350 

Leu Glu Pro Glu Ala Asp Ala Ala Arg Ser Ala Asp Val Leu Leu Arg 
4355 4360 4365 

Glu Leu Gly Arg Ala Asp Asp Glu Thr Gin Val Ala Phe Arg Ser Gly 
4370 4375 4380 

Lys Arg Arg Val Ala Arg Leu Val Lys Ala Thr Thr Pro Glu Gly Leu 
4385 4390 4395 4400 

Leu Val Pro Asp Ala Glu Ser Tyr Arg Leu Glu Ala Gly Gin Lys Gly 
4405 4410 4415 

Thr Leu Asp Gin Leu Arg Leu Ala Pro Ala Gin Arg Arg Ala Pro Gly 
4420 4425 4430 

Pro Gly Glu Val Glu He Lys Val Thr Ala Ser Gly Leu Asn Phe Arg 
4435 4440 4445 

Thr Val Leu Ala Val Leu Gly Met Tyr Pro Gly Asp Ala Gly Pro Met 
4450 4455 4460 

Gly Gly Asp Cys Ala Gly Val Ala Thr Ala Val Gly Gin Gly Val Arg 
4465 ~ 4470 4475 4480 

His Val Ala Val Gly Asp Ala Val Met Thr Leu Gly Thr Leu His Arg 
4485 4490 4495 

Phe Val Thr Val Asp Ala Arg Leu Val Val Arg Gin Pro Ala Gly Leu 
4500 4505 4510 

Thr Pro Ala Gin Ala Ala Thr. Val Pro Val Ala Phe Leu Thr Ala Trp 
4515 4520 4525 

Leu Ala Leu His Asp Leu Gly Asn Leu Arg Arg Gly Glu Arg Val Leu 
4530 4535 4540 
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lie His Ala Ala Ala Gly Gly Val Gly Met Ala Ala Val Gin He Ala 
4545 4550 4555 4560 

Arg Trp He Gly Ala Glu Val Phe Ala Thr Ala Ser Pro Ser Lys Trp 
4565 4570 4575 

Ala Ala Val Gin Ala Met Gly Val Pro Arg Thr His He Ala Ser Ser 
4580 4585 4590 

Arg Thr Leu Glu Phe Ala Glu Thr Phe Arg Gin Val Thr Gly Gly Arg 
4595 4600 4605 

Gly Val Asp Val Val Leu Asn Ala Leu Ala Gly Glu Phe Val Asp Ala 
4610 4615 4620 

Ser Leu Ser Leu Leu Ser Thr Gly Gly Arg Phe Leu Glu Met Gly Lys 
4625 4630 4635 4640 

Thr Asp He Arg Asp Arg Ala Ala Val Ala Ala Ala His Pro Gly Val 
4645 4650 4655 

Arg Tyr Arg Val Phe Asp He Leu Glu Leu Ala Pro Asp Arg Thr Arg 
4660 4665 4670 

Glu He Leu Glu Arg Val Val Glu Gly Phe Ala Ala Gly His Leu Arg 
4675 4680 4685 

Ala Leu Pro Val His Ala Phe Ala He Thr Lys Ala Glu Ala Ala Phe 
4690 4695 4700 

Arg Phe Met Ala Gin Ala Arg His Gin Gly Lys Val Val Leu Leu Pro 
4705 4710 4715 4720 

Ala Pro Ser Ala Ala Pro Leu Ala Pro Thr Gly Thr Val Leu Leu Thr 
4725 4730 4735 

Gly Gly Leu Gly Ala Leu Gly Leu His Val Ala Arg Trp Leu Ala Gin 
4740 4745 4750 

Gin Gly Val Pro His Met Val Leu Thr Gly Arg Arg Gly Leu Asp Thr 
4755 4760 4765 

Pro Gly Ala Ala Lys Ala Val Ala Glu He Glu Ala Leu Gly Ala Arg 
4770 4775 4780 

Val Thr He Ala Ala Ser Asp Val Ala Asp Arg Asn Ala Leu Glu Ala 
4785 4790 4795 4800 

Val Leu Gin Ala He Pro Ala Glu Trp Pro Leu Gin Gly Val He His 
4805 4810 4815 

Ala Ala Gly Ala Leu Asp Asp Gly Val Leu Asp Glu Gin Thr Thr Asp 
4820 4825 4830 

Arg Phe Ser Arg Val Leu Ala Pro Lys Val Thr Gly Ala Trp Asn Leu 
4835 4840 4845 

His Glu Leu Thr Ala Gly Asn Asp Leu Ala Phe Phe Val Leu Phe Ser 
4850 4855 4860 

Ser Met Ser Gly Leu Leu Gly Ser Ala Gly Gin Ser Asn Tyr Ala Ala 
4865 4870 4875 4880 

Ala Asn Thr Phe Leu Asp Ala Leu Ala Ala His Arg Arg Ala Glu Gly 
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4885 



4890 



4895 



Leu Ala Ala Gin Ser Leu Ala Trp Gly Pro Trp Ser Asp Gly Gly Met 
4900 4905 4910 

Ala Ala Gly Leu Ser Ala Ala Leu Gin Ala Arg Leu Ala Arg His Gly 
4915 4920 4925 

Met Gly Ala Leu Ser Pro Ala Gin Gly Thr Ala Leu Leu Gly Gin Ala 
4930 4935 4940 

Leu Ala Arg Pro Glu Thr Gin Leu Gly Ala Met Ser Leu Asp Val Arg 
4945 4950 4955 4960 

Ala Ala Ser Gin Ala Ser Gly Ala Ala Val Pro Pro Val Trp Arg Ala 
4965 4970 4975 

Leu Val Arg Ala Glu Ala Arg His Thr Ala Ala Gly Ala Gin Gly Ala 
4980 4985 4990 

Leu Ala Ala Arg Leu Gly Ala Leu Pro Glu Ala Arg Arg Ala Asp Glu 
4995 5000 5005 

Val Arg Lys Val Val Gin Ala Glu He Ala Arg Val Leu Ser Trp Ser 
5010 5015 5020 

Ala Ala Ser Ala Val Pro Val Asp Arg Pro Leu Ser Asp Leu Gly Leu 
5025 5030 5035 5040 

Asp Ser Leu Thr Ala Val Glu Leu Arg Asn Val Leu Gly Gin Arg Val 
5045 5050 5055 

Gly Ala Thr Leu Pro Ala Thr Leu Ala Phe Asp His Pro Thr Val Asp 
5060 5065 5070 

Ala Leu Thr Arg Trp Leu Leu Asp Lys Val Leu Ala Val Ala Glu Pro 
5075 5080 5085 

Ser Val Ser Ser Ala Lys Ser Ser Pro Gin Val Ala Leu Asp Glu Pro 
5090 5095 5100 

He Ala He He Gly He Gly Cys Arg Phe Pro Gly Gly Val Ala Aso 
5105 5110 5115 512*0 

Pro Glu Ser Phe Trp Arg Leu Leu Glu Glu Gly Ser Asp Ala Val Val 
5125 5130 5135 

Glu Val Pro His Glu Arg Trp Asp He Asp Ala Phe Tyr Asp Pro Asp 
5140 5145 5150 

Pro Asp Val Arg Gly Lys Met Thr Thr Arg Phe Gly Gly Phe Leu Ser 
5155 5160 5165 

Asp He Asp Arg Phe Asp Pro Ala Phe Phe Gly He Ser Pro Arg Glu 
5170 5175 5180 

Ala Thr Thr Met Asp Pro Gin Gin Arg Leu Leu Leu Glu Thr Ser Trp 
5185 5190 5195 5200 

Glu Ala Phe Glu Arg Ala Gly He Leu Pro Glu Arg Leu Met Gly Ser 
5205 5210 5215 

Asp Thr Gly Val Phe Val Gly Leu Phe Tyr Gin Glu Tyr Ala Ala Leu 



5220 



5225 



5230 
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Ala Gly Gly lie Glu Ala Phe Asp Gly Tyr Leu Gly Thr Gly Thr Thr 
5235 5240 5245 

Ala Ser Val Ala Ser Gly Arg He Ser Tyr Val Leu Gly Leu Lys Gly 
5250 5255 5260 

Pro Ser Leu Thr Val Asp Thr Ala Cys Ser Ser Ser Leu Val Ala Val 
5265 5270 5275 5280 

His Leu Ala Cys Gin Ala Leu Arg Arg Gly Glu Cys Ser Val Ala Leu 
5285 5290 5295 

Ala Gly Gly Val Ala Leu Met Leu Thr Pro Ala Thr Phe Val Glu Phe 
5300 5305 5310 

Ser Arg Leu Arg Gly Leu Ala Pro Asp Gly Arg Cys Lys Ser Phe Ser 
5315 5320 5325 

Ala Ala Ala Asp Gly Val Gly Trp Ser Glu Gly Cys Ala Met Leu Leu 
5330 5335 5340 

Leu Lys Pro Leu Arg Asp Ala Gin Arg Asp Gly Asp Pro He Leu Ala 
5345 5350 5355 5360 

Val He Arg Gly Thr Ala Val Asn Gin Asp Gly Arg Ser Asn Gly Leu 
5365 5370 5375 

Thr Ala Pro Asn Gly Ser Ser Gin Gin Glu Val He Arg Arg Ala Leu 
5380 5385 5390 

Glu Gin Ala Gly Leu Ala Pro Ala Asp Val Ser Tyr Val Glu Cys His 
5395 5400 5405 

Gly Thr Gly Thr Thr Leu Gly Asp Pro He Glu Val Gin Ala Leu Gly 
5410 5415 5420 

Ala Val Leu Ala Gin Gly Arg Pro Ser Asp Arg Pro Leu Val He Gly 
5425 5430 5435 5440 

Ser Val Lys Ser Asn He Gly His Thr Gin Ala Ala Ala Gly Val Ala 
5445 5450 5455 

Gly Val He Lys Val Ala Leu Ala Leu Glu Arg Gly Leu He Pro Arg 
5460 5465 5470 

Ser Leu His Phe Asp Ala Pro Asn Pro His He Pro Trp Ser Glu Leu 
5475 5480 5485 

Ala Val Gin Val Ala Ala Lys Pro Val Glu Trp Thr Arg Asn Gly Val 
5490 5495 5500 

Pro Arg Arg Ala Gly Val Ser Ser Phe Gly Val Ser Gly Thr Asn Ala 
5505 5510 5515 5520 

His Val Val Leu Glu Glu Ala Pro Ala Ala Ala Phe Ala Pro Ala Ala 
5525 5530 5535 

Ala Arg Ser Ala Glu Leu Phe Val Leu Ser Ala Lys Ser Ala Ala Ala 
5540 5545 5550 

Leu Asp Ala Gin Ala Ala Arg Leu Ser Ala His Val Val Ala His Pro 
5555 5560 5565 

Glu Leu Gly Leu Gly Asp Leu Ala Phe Ser Leu Ala Thr Thr Arg Ser 
5570 5575 5580 
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Pro Met Thr Tyr Arg Leu Ala Val Ala Ala Thr Ser Arg Glu Ala Leu 
5585 5590 5595 5600 

Ser Ala Ala Leu Asp Thr Ala Ala Gin Gly Gin Ala Pro Pro Ala Ala 
5605 5610 5615 

Ala Arg Gly His Ala Ser Thr Gly Ser Ala Pro Lys Val Val Phe Val 
5620 5625 5630 

Phe Pro Gly Gin Gly Ser Gin Trp Leu Gly Met Gly Gin Lys Leu Leu 
5635 5640 5645 

Ser Glu Glu Pro Val Phe Arg Asp Ala Leu Ser Ala Cys Asp Arg Ala 
5650 5655 5660 

lie Gin Ala Glu Ala Gly Trp Ser Leu Leu Ala Glu Leu Ala Ala Asp 
5665 5670 5675 5680 

Glu Thr Thr Ser Gin Leu Gly Arg lie Asp Val Val Gin Pro Ala Leu 
5685 5690 5695 

Phe Ala lie Glu Val Ala Leu Ser Ala Leu Trp Arg Ser Trp Gly Val 
5700 5705 5710 

Glu Pro Asp Ala Val Val Gly His Ser Met Gly Glu Val Ala Ala Ala 
5715 5720 5725 

His Val Ala Gly Ala Leu Ser Leu Glu Asp Ala Val Ala He He Cys 
5730 5735 5740 . 

Arg Arg Ser Leu Leu Leu Arg Arg He Ser Gly Gin Gly Glu Met Ala 
5745 5750 5755 5760 

Val Val Glu Leu Ser Leu Ala Glu Ala Glu Ala Ala Leu Leu Gly Tyr 
5765 5770 5775 

Glu Asp Arg Leu Ser Val Ala Val Ser Asn Ser Pro Arg Ser Thr Val 
5780 5785 5790 

Leu Ala Gly Glu Pro Ala Ala Leu Ala Glu Val Leu Ala He Leu Ala 
5795 5800 5805 

Ala Lys Gly Val Phe Cys Arg Arg Val Lys Val Asp Val Ala Ser His 
5810 5815 5820 

Ser Pro Gin He Asp Pro Leu Arg Asp Glu Leu Leu Ala Ala Leu Gly 
5825 5830 5835 5840 

Glu Leu Glu Pro Arg Gin Ala Thr Val Ser Met Arg Ser Thr Val Thr 
5845 5850 5855 

Ser Thr He Met Ala Gly Pro Glu Leu Val Ala Ser Tyr Trp Ala Asp 
5860 5865 5870 

Asn Val Arg Gin Pro Val Arg Phe Ala Glu Ala Val Gin Ser Leu Met 
5875 5880 5885 

Glu Asp Gly His Gly Leu Phe Val Glu Met Ser Pro His Pro He Leu 
5890 5895 5900 

Thr Thr Ser Val Glu Glu lie Arg Arg Ala Thr Lys Arg Glu Gly Val 
5905 5910 5915 5920 

Ala Val Gly Ser Leu Arg Arg Gly Gin Asp Glu Arg Leu Ser Met Leu 
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5925 5930 5935 

Glu Ala Leu Gly Ala Leu Trp Val His Gly Gin Ala Val Gly Trp Glu 
5940 5945 5950 

Arg Leu Phe Ser Ala Gly Gly Ala Gly Leu Arg Arg Val Pro Leu Pro 
5955 5960 5965 

Thr Tyr Pro Trp Gin Arg Glu Arg Tyr Trp Val Asp Ala Pro Thr Gly 
5970 5975 5980 

Gly Ala Ala Gly Gly Ser Arg Phe Ala His Ala Gly Ser His Pro Leu 
5985 5990 5995 6000 

Leu Gly Glu Met Gin Thr Leu Ser Thr Gin Arg Ser Thr Arg Val Trp 
6005 6010 6015 

Glu Thr Thr Leu Asp Leu Lys Arg Leu Pro Trp Leu Gly Asp His Arg 
6020 6025 6030 

Val Gin Gly Ala Val Val Phe Pro Gly Ala Ala Tyr Leu Glu Met Ala 
6035 6040 6045 

Leu Ser Ser Gly Ala Glu Ala Leu Gly Asp Gly Pro Leu Gin Val Ser 
6050 6055 6060 

Asp Val Val Leu Ala Glu Ala Leu Ala Phe Ala Asp Asp Thr Pro Ala 
6065 6070 6075 6080 

Ala Val Gin Val Met Ala Thr Glu Glu Arg Pro Gly Arg Leu Gin Phe 
6085 6090 6095 

His Val Ala Ser Arg Val Pro Gly His Gly Gly Ala Ala Phe Arg Ser 
6100 6105 6110 

His Ala Arg Gly Val Leu Arg Gin He Glu Arg Ala Glu Val Pro Ala 
6115 6120 6125 

Arg Leu Asp Leu Ala Ala Leu Arg Ala Arg Leu Gin Ala Ser Ala Pro 
6130 6135 6140 

Ala Ala Ala Thr Tyr Ala Ala Leu Ala Glu Met Gly Leu Glu Tyr Gly 
6145 6150 6155 6160 

Pro Ala Phe Gin Gly Leu Val Glu Leu Trp Arg Gly Glu Gly Glu Ala 
6165 6170 6175 

Leu Gly Arg Val Arg Leu Pro Glu Ala Ala Gly Ser Pro Ala Ala Cys 
6180 6185 6190 

Arg Leu His Pro Ala Leu Leu Asp Ala Cys Phe His Val Ser Ser Ala 
_6195 6200 6205 

Phe Ala Asp Arg Gly Glu Ala Thr Pro Trp Val Pro Val Glu He Gly 
6210 6215 6220 

Ser Leu Arg Trp Phe Gin Arg Pro Ser Gly Glu Leu Trp Cys His Ala 
6225 6230 6235 6240 

Arg Ser Val Ser His Gly Lys Pro Thr Pro Asp Arg Arg Ser Thr Asp 
6245 6250 6255 

Phe Trp Val Val Asp Ser Thr Gly Ala He Val Ala Glu He Ser Gly 
6260 6265 6270 
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Leu Val Ala Gin Arg Leu Ala Gly Gly Val Arg Arg Arg Glu Glu Asp 
6275 6280 6285 

Asp Trp Phe Met Glu Pro Ala Trp Glu Pro Thr Ala Val Pro Gly Ser 
6290 6295 6300 

Glu Val Met Ala Gly Arg Trp Leu Leu lie Gly Ser Gly Gly Gly Leu 
6305 6310 6315 6320 

Gly Ala Ala Leu His Ser Ala Leu Thr Glu Ala Gly His Ser Val Val 
6325 6330 6335 

His Ala Thr Gly Arg Gly Thr Ser Ala Ala Gly Leu Gin Ala Leu Leu 
6340 6345 6350 

Thr Ala Ser Phe Asp Gly Gin Ala Pro Thr Ser Val Val His Leu Gly 
6355 6360 6365 

Ser Leu Asp Glu Arg Gly Val Leu Asp Ala Asp Ala Pro Phe Asd Ala 
6370 6375 6380 

Asp Ala Leu Glu Glu Ser Leu Val Arg Gly Cys Asp Ser Val Leu Trp 
6385 6390 6395 6400 

Thr Val Gin Ala Val Ala Gly Ala Gly Phe Arg Asp Pro Pro Arg Leu 
6405 6410 6415 

Trp Leu Val Thr Arg Gly Ala Gin Ala lie Gly Ala Gly Asp Val Ser 
6420 6425 6430 

Val Ala Gin Ala Pro Leu Leu Gly Leu Gly Arg Val lie Ala Leu Glu 
6435 6440 6445 

His Ala Glu Leu Arg Cys Ala Arg He Asp Leu Asp Pro Ala Arg Arg 
6450 6455 6460 

Asp Gly Glu Val Asp Glu Leu Leu Ala Glu Leu Leu Ala Asp Asp Ala 
6465 6470 6475 6480 

Glu Glu Glu Val Ala Phe Arg Gly Gly Glu Arg Arg Val Ala Arg Leu 
6485 6490 6495 

Val Arg Arg Leu Pro Glu Thr Asp Cys Arg Glu Lys He Glu Pro Ala 
6500 6505 6510 

Glu Gly Arg Pro Phe Arg Leu Glu He Asp Gly Ser Gly Val Leu Asp 
6515 6520 6525 

Asp Leu Val Leu Arg Ala Thr Glu Arg Arg Pro Pro Gly Pro Gly Glu 
6530 6535 6540 

Val Glu He Ala Val Glu Ala Ala Gly Leu Asn Phe Leu Asp Val Met 
6545 6550 6555 6560 

Arg Ala Met Gly He Tyr Pro Gly Pro Gly Asp Gly Pro Val Ala Leu 
6565 6570 6575 

Gly Ala Glu Cys Ser Gly Arg He Val Ala Met Gly Glu Gly Val Glu 
6580 6585 6590 

Ser Leu Arg He Gly Gin Asp Val Val Ala Val Ala Pro Phe Ser Phe 
6595 6600 6605 

Gly Thr His Val Thr He Asp Ala Arg Met Leu Ala Pro Arg Pro Ala 
6610 6615 6620 
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Ala Leu Thr Ala Ala Gin Ala Ala Ala Leu Pro Val Ala Phe Met Thr 
6625 6630 6635 6640 

Ala Tip Tyr Gly Leu Val His Leu Gly Arg Leu Arg Ala Gly Glu Arg 
6645 6650 6655 

Val Leu He His Ser Ala Thr Gly Gly Thr Gly Leu Ala Ala Val Gin 
6660 6665 6670 

He Ala Arg His Leu Gly Ala Glu He Phe Ala Thr Ala Gly Thr Pro 
6675 6680 6685 

Glu Lys Arg Ala Trp Leu Arg Glu Gin Gly He Ala His Val Met Asp 
6690 6695 6700 

Ser Arg Ser Leu Asp Phe Ala Glu Gin Val Leu Ala Ala Thr Lys Gly 
6705 6710 6715 6720 

Glu Gly Val Asp Val Val Leu Asn Ser Leu Ser Gly Ala Ala He Asp 
6725 6730 6735 

Ala Ser Leu Ser Thr Leu Val Pro Asp Gly Arg Phe He Glu Leu Gly 
6740 6745 6750 

Lys Thr Asp He Tyr Ala Asp Arg Ser Leu Gly Leu Ala His Phe Arg 
6755 6760 6765 

Lys Ser Leu Ser Tyr Ser Ala Val Asp Leu Ala Gly Leu Ala Val Arg 
6770 6775 6780 

Arg Pro Glu Arg Val Ala Ala Leu Leu Ala Glu Val Val Asp Leu Leu 
6785 6790 6795 6800 

Ala Arg Gly Ala Leu Gin Pro Leu Pro Val Glu He Phe Pro Leu Ser 
6805 6810 6815 

Arg Ala Ala Asp Ala Phe Arg Lys Met Ala Gin Ala Gin His Leu Gly 
6820 6825 6830 

Lys Leu Val Leu Ala Leu Glu Asp Pro Asp Val Arg He Arg Val Pro 
6835 6840 6845 

Gly Glu Ser Gly Val Ala He Arg Ala Asp Gly Ala Tyr Leu Val Thr 
6850 6855 6860 

Gly Gly Leu Gly Gly Leu Gly Leu Ser Val Ala Gly Trp Leu Ala Glu 
6865 6870 6875 6880 

Gin Gly Ala Gly His Leu Val Leu Val Gly Arg Ser Gly Ala Val Ser 
6885 6890 6895 

Ala Glu Gin Gin Thr Ala Val Ala Ala Leu Glu Ala His Gly Ala Arg 
6900 6905 6910 

Val Thr Val Ala Arg Ala Asp Val Ala Asp Arg Ala Gin Met Glu Arg 
6915 6920 6925 

He Leu Arg Glu Val Thr Ala Ser Gly Met Pro Leu Arg Gly Val Val 
6930 6935 6940 

His Ala Ala Gly He Leu Asp Asp Gly Leu Leu Met Gin Gin Thr Pro 
6945 6950 6955 6960 

Ala Arg Phe Arg Ala Val Met Ala Pro Lys Val Arg Gly Ala Leu His 
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6965 



6970 



6975 



Leu His Ala Leu Thr Arg Glu Ala Pro Leu Ser Phe Phe Val Leu Tyr 
6980 6985 6990 

Ala Ser Gly Ala Gly Leu Leu Gly Ser Pro Gly Gin Gly Asn Tyr Ala 
6995 7000 7005 

Ala Ala Asn Thr Phe Leu Asp Ala Leu Ala His His Arg Arg Ala Gin 
7010 7015 7020 

Gly Leu Pro Ala Leu Ser lie Asp Trp Gly Leu Phe Ala Asp Val Gly 
7025 7030 7035 7040 

Leu Ala Ala Gly Gin Gin Asn Arg Gly Ala Arg Leu Val Thr Arg Gly 
7045 7050 7055 

Thr Arg Ser Leu Thr Pro Asp Glu Gly Leu Trp Ala Leu Glu Arg Leu 
7060 7065 7070 

Leu Asp Gly Asp Arg Thr Gin Ala Gly Val Met Pro Phe Asp Val Arg 
7075 7080 7085 

Gin Trp Val Glu Phe Tyr Pro Ala Ala Ala Ser Ser Arg Arg Leu Ser 
7090 7095 7100 

Arg Leu Met Thr Ala Arg Arg Val Ala Ser Gly Arg Leu Ala Gly Asp 
7105 7110 7115 7120 

Arg Asp Leu Leu Glu Arg Leu Ala Thr Ala Glu Ala Gly Ala Arg Ala 



Gly Met Leu Gin Glu Val Val Arg Ala Gin Val Ser Gin Val Leu Arg 
7140 7145 7150' 

Leu Ser Glu Gly Lys Leu Asp Val Asp Ala Pro Leu Thr Ser Leu Gly 
7155 7160 7165 

Met Asp Ser Leu Met Gly Leu Glu Leu Arg Asn Arg He Glu Ala Val 
7170 7175 7180 

Leu Gly He Thr Met Pro Ala Thr Leu Leu Trp Thr Tyr Pro Thr Val 
7185 7190 7195 7200 

Ala Ala Leu Ser Ala His Leu Ala Ser His Val Val Ser Thr Gly Asp 
7205 7210 7215 

Gly Glu Ser Ala Arg Pro Pro Asp Thr Gly Ser Val Ala Pro Thr Thr 
7220 7225 7230 

His Glu Val Ala Ser Leu Asp Glu Asp Gly Leu Phe Ala Leu lie Asp 
,7235 7240 7245 

Glu Ser Leu Ala Arg Ala Gly Lys Arg 
7250 7255 



<210> 6 

<211> 3798 

<212> PRT 

<213> Sorangium cellulosum 



7125 



7130 



7135 



<400> 6 

Val Thr Asp Arg Glu Gly Gin Leu Leu Glu Arg Leu Arg Glu Val Thr 
1 5 10 15 
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Leu Ala Leu Arg Lys Thr Leu Asn Glu Arg Asp Thr Leu Glu Leu Glu 
20 25 30 

Lys Thr Glu Pro He Ala He Val Gly He Gly Cys Arg Phe Pro Gly 
35 40 45 

Gly Ala Gly Thr Pro Glu Ala Phe Trp Glu Leu Leu Asp Asp Gly Arg 
50 55 60 

Asp Ala He Arg Pro Leu Glu Glu Arg Trp Ala Leu Val Gly Val Asp 
65 70 75 80 

Pro Gly Asp Asp Val Pro Arg Trp Ala Gly Leu Leu Thr Glu Ala He 
85 90 95 

Asp Gly Phe Asp Ala Ala Phe Phe Gly He Ala Pro Arg Glu Ala Arg 
100 105 110 

Ser Leu Asp Pro Gin His Arg Leu Leu Leu Glu Val Ala Trp Glu Gly 
115 120 125 

Phe Glu Asp Ala Gly He Pro Pro Arg Ser Leu Val Gly Ser Arg Thr 
130 135 140 

Gly Val Phe Val Gly Val Cys Ala Thr Glu Tyr Leu His Ala Ala Val 
145 150 155 160 

Ala His Gin Pro Arg Glu Glu Arg Asp Ala Tyr Ser Thr Thr Gly Asn 
165 170 175 

Met Leu Ser He Ala Ala Gly Arg Leu Ser Tyr Thr Leu Gly Leu Gin 
180 185 190 

Gly Pro Cys Leu Thr Val Asp Thr Ala Cys Ser Ser Ser Leu Val Ala 
195 200 205 

He His Leu Ala Cys Arg Ser Leu Arg Ala Arg Glu Ser Asp Leu Ala 
210 215 220 

Leu Ala Gly Gly Val Asn Met Leu Leu Ser Pro Asp Thr Met Arg Ala 
225 230 235 240 

Leu Ala Arg Thr Gin Ala Leu Ser Pro Asn Gly Arg Cys Gin Thr Phe 
245 250 255 

Asp Ala Ser Ala Asn Gly Phe Val Arg Gly Glu Gly Cys Gly Leu He 
260 265 270 

Val Leu Lys Arg Leu Ser Asp Ala Arg Arg Asp Gly Asp Arg He Trp 
275 280 285 

Ala Leu He Arg Gly Ser Ala He Asn Gin Asp Gly Arg Ser Thr Gly 
290 295 300 

Leu Thr Ala Pro Asn Val Leu Ala Gin Gly Ala Leu Leu Arg Glu Ala 
305 310 315 320 

Leu Arg Asn Ala Gly Val Glu Ala Glu Ala lie Gly Tyr He Glu Thr 
325 330 335 

His Gly Ala Ala Thr Ser Leu Gly Asp Pro lie Glu He Glu Ala Leu 
340 345 350 



Arg Ala Val Val Gly Pro Ala Arg Ala Asp Gly Ala Arg Cys Val Leu 
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355 



360 



365 



Gly Ala Val Lys Thr Asn Leu Gly His Leu Glu Gly Ala Ala Gly Val 
370 375 380 

Ala Gly Leu lie Lys Ala Thr Leu Ser Leu His His Glu Arg lie Pro 
385 390 395 400 

Arg Asn Leu Asn Phe Arg Thr Leu Asn Pro Arg lie Arg lie Glu Gly 
405 410 . 415 

Thr Ala Leu Ala Leu Ala Thr Glu Pro Val Pro Trp Pro Arg Thr Gly 
420 425 430 

Arg Thr Arg Phe Ala Gly Val Ser Ser Phe Gly Met Ser Gly Thr Asn 
435 440 445 

Ala His Val Val Leu Glu Glu Ala Pro Ala Val Glu Pro Glu Ala Ala 
450 455 460 

Ala Pro Glu Arg Ala Ala Glu Leu Phe Val Leu Ser Ala Lys Ser Ala 
465 470 475 480 

Ala Ala Leu Asp Ala Gin Ala Ala Arg Leu Arg Asp His Leu Glu Lys 
485 490 495 

His Val Glu Leu Gly Leu Gly Asp Val Ala Phe Ser Leu Ala Thr Thr 
500 505 510 

Arg Ser Ala Met Glu His Arg Leu Ala Val Ala Ala Ser Ser Arg Glu 
515 520 525 

Ala Leu Arg Gly Ala Leu Ser Ala Ala Ala Gin Gly His Thr Pro Pro 
530 535 540 

Gly Ala Val Arg Gly Arg Ala Ser Gly Gly Ser Ala Pro Lys Val Val 
545 550 555 560 

Phe Val Phe Pro Gly Gin Gly Ser Gin Tro Val Gly Met Gly Arg Lys 
565 570 575 

Leu Met Ala Glu Glu Pro Val Phe Arg Ala Ala Leu Glu Gly Cys Asp 
580 585 590 

Arg Ala lie Glu Ala Glu Ala Gly Trp Ser Leu Leu Gly Glu Leu Ser 
595 600 605 

Ala Asp Glu Ala Ala Ser Gin Leu Gly Arg lie Asp Val Val Gin Pro 
610 615 620 

Val Leu Phe Ala Met Glu Val Ala Leu Ser Ala Leu Trp Arg Ser Trp 
625 _ 630 635 640 

Gly Val Glu Pro Glu Ala Val Val Gly His Ser Met Gly Glu Val Ala 
645 650 655 

Ala Ala His Val Ala Gly Ala Leu Ser Leu Glu Asp Ala Val Ala He 
660 665 670 

He Cys Arg Arg Ser Arg Leu Leu Arg Arg He Ser Gly Gin Gly Glu 
675 680 685 



Met Ala Leu Val Glu Leu Ser Leu Glu Glu Ala Glu Ala Ala Leu Arg 
690 695 700 
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Gly His Glu Gly Arg Leu Ser Val Ala Val Ser Asn Ser Pro Arg Ser 
705 710 715 720 

Thr Val Leu Ala Gly Glu Pro Ala Ala Leu Ser Glu Val Leu Ala Ala 
725 730 735 

Leu Thr Ala Lys Gly Val Phe Trp Arg Gin Val Lys Val Asp Val Ala 
740 745 750 

Ser His Ser Pro Gin Val Asp Pro Leu Arg Glu Glu Leu lie Ala Ala 
755 760 765 

Leu Gly Ala lie Arg Pro Arg Ala Ala Ala Val Pro Met Arg Ser Thr 
770 775 780 

Val Thr Gly Gly Val lie Ala Gly Pro Glu Leu Gly Ala Ser Tyr Trp 
785 790 795 800 

Ala Asp Asn Leu Arg Gin Pro Val Arg Phe Ala Ala Ala Ala Gin Ala 
805 810 815 

Leu Leu Glu Gly Gly Pro Ala Leu Phe He Glu Met Ser Pro His Pro 
820 825 830 

He Leu Val Pro Pro Leu Asp Glu He Gin Thr Ala Ala Glu Gin Gly 
835 840 - 845 

Gly Ala Ala Val Gly Ser Leu Arg Arg Gly Gin Asp Glu Arg Ala Thr 
850 855 860 

Leu Leu Glu Ala Leu Gly Thr Leu Trp Ala Ser Gly Tyr Pro Val Ser 
865 870 875 880 

Trp Ala Arg Leu Phe Pro Ala Gly Gly Arg Arg Val Pro Leu Pro Thr 
885 890 895 

Tyr Pro Trp Gin His Glu Arg Cys Trp He Glu Val Glu Pro Asp Ala 
900 905 910 

Arg Arg Leu Ala Ala Ala Asp Pro Thr Lys Asp Trp Phe Tyr Arg Thr 
915 920 925 

Asp Trp Pro Glu Val Pro Arg Ala Ala Pro Lys Ser Glu Thr Ala His 
930 935 940 

Gly Ser Trp Leu Leu Leu Ala Asp Arg Gly Gly Val Gly Glu Ala Val 
945 950 955 960 

Ala Ala Ala Leu Ser Thr Arg Gly Leu Ser Cys Thr Val Leu His Ala 
965 970 975 

Ser Ala Asp Ala Ser Thr Val Ala Glu Gin Val Ser Glu Ala Ala Ser 
980 985 990 

Arg Arg Asn Asp Trp Gin Gly Val Leu Tyr Leu Trp Gly Leu Asp Ala 
995 1000 1005 

Val Val Asp Ala Gly Ala Ser Ala Asp Glu Val Ser Glu Ala Thr Arg 
1010 1015 1020 

Arg Ala Thr Ala Pro Val Leu Gly Leu Val Arg Phe Leu Ser Ala Ala 
1025 1030 1035 1040 

Pro His Pro Pro Arg Phe Trp Val Val Thr Arg Gly Ala Cys Thr Val 
1045 1050 1055 • 
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Gly Gly Glu Pro Glu Ala Ser Leu Cys Gin Ala Ala Leu Trp Gly Leu 
1060 1065 1070 

Ala Arg Val Ala Ala Leu Glu His Pro Ala Ala Trp Gly Gly Leu Val 
1075 1080 1085 

Asp Leu Asp Pro Gin Lys Ser Pro Thr Glu lie Glu Pro Leu Val Ala 
1090 1095 1100 

Glu Leu Leu Ser Pro Asp Ala Glu Asp Gin Leu Ala Phe Arg Ser Gly 
1105 1110 1115 1120 

Arg Arg His Ala Ala Arg Leu Val Ala Ala Pro Pro Glu Gly Asp Val 
1125 1130 1135 

Ala Pro lie Ser Leu Ser Ala Glu Gly Ser Tyr Leu Val Thr Gly Gly 
1140 1145 1150 

Leu Gly Gly Leu Gly Leu Leu Val Ala Arg Trp Leu Val Glu Arg Gly 
1155 1160 1165 

Ala Arg His Leu Val Leu Thr Ser Arg His Gly Leu Pro Glu Arg Gin 
1170 1175 1180 

Ala Ser Gly Gly Glu Gin Pro Pro Glu Ala Arg Ala Arg lie Ala Ala 
1185 1190 1195 1200 

Val Glu Gly Leu Glu Ala Gin Gly Ala Arg Val Thr Val Ala Ala Val 
1205 1210 1215 

Asp Val Ala Glu Ala Asp Pro Met Thr Ala Leu Leu Ala Ala He Glu 
1220 1225 .1230 

Pro Pro Leu Arg Gly Val Val His Ala Ala Gly Val Phe Pro Val Arg 
1235 1240 1245 

His Leu Ala Glu Thr Asp Glu Ala Leu Leu Glu Ser Val Leu Arg Pro 
1250 1255 1260 

Lys Val Ala Gly Ser Trp Leu Leu His Arg Leu Leu Arg Asp Arg Pro 
1265 1270 1275 1280 

Leu Asp Leu Phe Val Leu Phe Ser Ser Gly Ala Ala Val Trp Gly Gly 
1285 1290 1295 

Lys Gly Gin Gly Ala Tyr Ala Ala Ala Asn Ala Phe Leu Asp Gly Leu 
1300 1305 1310 

Ala His His Arg Arg Ala His Ser Leu Pro Ala Leu Ser Leu Ala Trp 
1315 1320 1325 

Gly Leu Trp Ala Glu Gly Gly Met Val Asp Ala Lys Ala His Ala Arg 
1330 1335 1340 

Leu Ser Asp He Gly Val Leu Pro Met Ala Thr Gly Pro Ala Leu Ser 
1345 1350 1355 1360* 

Ala Leu Glu Arg Leu Val Asn Thr Ser Ala Val Gin Arg Ser Val Thr 
1365 1370 1375 

Arg Met Asp Trp Ala Arg Phe Ala Pro Val Tyr Ala Ala Arg Gly Arg 
1380 1385 1390 

Arg Asn Leu Leu Ser Ala Leu Val Ala Glu Asp Glu Arg Ala Ala Ser 
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1395 1400 1405 

Pro Pro Val Pro Thr Ala Asn Arg lie Trp Arg Gly Leu Ser Val Ala 
1410 1415 1420 

Glu Ser Arg Ser Ala Leu Tyr Glu Leu Val Arg Gly lie Val Ala Arg 
1425 1430 1435 1440 

Val Leu Gly Phe Ser Asp Pro Gly Ala Leu Asp Val Gly Arg Gly Phe 
1445 1450 1455 

Ala Glu Gin Gly Leu Asp Ser Leu Met Ala Leu Glu lie Arg Asn Arg 
1460 1465 1470 

Leu Gin Arg Glu Leu Gly Glu Arg Leu Ser Ala Thr Leu Ala Phe Asp 
1475 1480 1485 

His Pro Thr Val Glu Arg Leu Val Ala His Leu Leu Thr Asp Val Leu 
1490 1495 1500 

Lys Leu Glu Asp Arg Ser Asp Thr Arg His lie Arg Ser Val Ala Ala 
1505 1510 1515 1520 

Asp Asp Asp He Ala He Val Gly Ala Ala Cys Arg Phe Pro Gly Gly 
1525 1530 1535 

Asp Glu Gly Leu Glu Thr Tyr Trp Arg His Leu Ala Glu Gly Met Val 
1540 1545 1550 

Val Ser Thr Glu Val Pro Ala Asp Arg Trp Arg Ala Ala Asp Trp Tyr 
1555 1560 1565 

Asp Pro Asp Pro Glu Val Pro Gly Arg Thr Tyr Val Ala Lys Gly Ala 
1570 1575 1580 

Phe Leu Arg Asp Val Arg Ser Leu Asp Ala Ala Phe Phe Ala lie Ser 
1585 1590 1595 1600 

Pro Arg Glu Ala Met Ser Leu Asp Pro Gin Gin Arg Leu Leu Leu Glu 
1605 1610 1615 

Val Ser Trp Glu Ala He Glu Arg Ala Gly Gin Asp Pro Met Ala Leu 
1620 1625 , 1630 

Arg Glu Ser Ala Thr Gly Val Phe Val Gly Met He Gly Ser Glu His 
1635 1640 1645 

Ala Glu Arg Val Gin Gly Leu Asp Asp Asp Ala Ala Leu Leu Tyr Gly 
1650 1655 1660 

Thr Thr Gly Asn Leu Leu Ser Val Ala Ala Gly Arg Leu Ser Phe Phe 
1665 1670 1675 1680 

Leu Gly Leu His Gly Pro Thr Met Thr Val Asp Thr Ala Cys Ser Ser 
1685 1690 1695 

Ser Leu Val Ala Leu His Leu Ala Cys Gin Ser Leu Arg Leu Gly Glu 
1700 1705 1710 

Cys Asp Gin Ala Leu Ala Gly Gly Ser Ser Val Leu Leu Ser Pro Arg 
1715 1720 1725 

Ser Phe Val Ala Ala Ser Arg Met Arg Leu Leu Ser Pro Asp Gly Arg 
1730 1735 1740 
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Cys Lys Thr Phe Ser Ala Ala Ala Asp Gly Phe Ala Arg Ala Glu Gly 
1745 1750 1755 1760 

Cys Ala Val Val Val Leu Lys Arg Leu Arg Asp Ala Gin Arg Asp Arg 
1765 1770 1775 

Asp Pro He Leu Ala Val Val Arg Ser Thr Ala He Asn His Asp Gly 
1780 1785 1790 

Pro Ser Ser Gly Leu Thr Val Pro Ser Gly Pro Ala Gin Gin Ala Leu 
1795 1800 1805 

Leu Arg Gin Ala Leu Ala Gin Ala Gly Val Ala Pro Ala Glu Val Asp 
1810 1815 1820 

Phe Val Glu Cys His Gly Thr Gly Thr Ala Leu Gly Asp Pro He Glu 
1825 1830 1835 . 1840 

Val Gin Ala Leu Gly Ala Val Tyr Gly Arg Gly Arg Pro Ala Glu Arg 
1845 1850 1855 

Pro Leu Trp Leu Gly Ala Val Lys Ala Asn Leu Gly His Leu Glu Ala 
1860 1865 1870 

Ala Ala Gly Leu Ala Gly Val Leu Lys Val Leu Leu Ala Leu Glu His 
1875 1880 1885 

Glu Gin He Pro Ala Gin Pro Glu Leu Asp Glu Leu Asn Pro His He 
1890 1895 1900 

Pro Trp Ala Glu Leu Pro Val Ala Val Val Arg Arg Ala Val Pro Trp 
1905 1910 1915 1920 

Pro Arg Gly Ala Arg Pro Arg Arg Ala Gly Val Ser Ala Phe Gly Leu 
1925 1930 1935 

Ser Gly Thr Asn Ala His Val Val Leu Glu Glu Ala Pro Ala Val Glu 
1940 1945 1950 

Pro Val Ala Ala Ala Pro Glu Arg Ala Ala Glu Leu Phe Vai Leu Ser 
1955 1960 1965 

Ala Lys Ser Ala Ala Ala Leu Asp Ala Gin Ala Ala Arg Leu Arg Asp 
1970 1975 1980 

His Leu Glu Lys His Val Glu Leu Gly Leu Gly Asp Val Ala Phe Ser 
1985 1990 1995 2000 

Leu Ala Thr Thr Arg Ser Ala Met Glu His Arg Leu Ala Val Ala Ala 
2005 2010 2015 

Ser Ser Arg Glu Ala Leu Arg Gly Ala Leu Ser Ala Ala Ala Gin Gly 
2020 2025 2030 

His Thr Pro Pro Gly Ala Val Arg Gly Arg Ala Ser Gly Gly Ser Ala 
2035 2040 2045 

Pro Lys Val Val Phe Val Phe Pro Gly Gin Gly Ser Gin Trp Val Gly 
2050 2055 2060 

Met Gly Arg Lys Leu Met Ala Glu Glu Pro Val Phe Arg Ala Ala Leu 
2065 2070 2075 2080 

Glu Gly Cys Asp Arg Ala He Glu Ala Glu Ala Gly Trp Ser Leu Leu 
2085 2090 2095 
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Gly Glu Leu Ser Ala Asp Glu Ala Ala Ser Gin Leu Gly Arg lie Asp 
2100 2105 2110 

Val Val Gin Pro Val Leu Phe Ala Met Glu Val Ala Leu Ser Ala Leu 
2115 2120 2125 

Trp Arg Ser Trp Gly Val Glu Pro Glu Ala Val Val Gly His Ser Met 
2130 2135 2140 

Gly Glu Val Ala Ala Ala His Val Ala Gly Ala Leu Ser Leu Glu Asp 
2145 2150 2155 2160 

Ala Val Ala lie He Cys Arg Arg Ser Arg Leu Leu Arg Arg He Ser 
2165 2170 2175 

Gly Gin Gly Glu Met Ala Leu Val Glu Leu Ser Leu Glu Glu Ala Glu 
2180 2185 2190 

Ala Ala Leu Arg Gly His Glu Gly Arg Leu Ser Val Ala Val Ser Asn 
2195 2200 2205 

Ser Pro Arg Ser Thr Val Leu Ala Gly Glu Pro Ala Ala Leu Ser Glu 
2210 2215 2220 

Val Leu Ala Ala Leu Thr Ala Lys Gly Val Phe Trp Arg Gin Val Lys 
2225 2230 2235 2240 

Val Asp Val Ala Ser His Ser Pro Gin Val Asp Pro Leu Arg Glu Glu 
2245 2250 2255 

Leu He Ala Ala Leu Gly Ala He Arg Pro Arg Ala Ala Ala Val Pro 
2260 2265 2270 

Met Arg Ser Thr Val Thr Gly Gly Val He Ala Gly Pro Glu Leu Gly 
2275 2280 2285 

Ala Ser Tyr Trp Ala Asp Asn Leu Arg Gin Pro Val Arg Phe Ala Ala 
2290 2295 2300 

Ala Ala Gin Ala Leu Leu Glu Gly Gly Pro Ala Leu Phe lie Glu Met 
2305 2310 2315 2320 

Ser Pro His Pro He Leu Val Pro Pro Leu Asp Glu He Gin Thr Ala 
2325 2330 2335 

Ala Glu Gin Gly Gly Ala Ala Val Gly Ser Leu Arg Arg Gly Gin Asp 
2340 2345 2350 

Glu Arg Ala Thr Leu Leu Glu Ala Leu Gly Thr Leu Trp Ala Ser Gly 
2355 2360 2365 

Tyr Pro Val Ser Trp Ala Arg Leu Phe Pro Ala Gly Gly Arg Arg Val 
2370 2375 ■ 2380 

Pro Leu Pro Thr Tyr Pro Trp Gin His Glu Arg Tyr Trp He Glu Asp 
2385 2390 2395 2400 

Ser Val His Gly Ser Lys Pro Ser Leu Arg Leu Arg Gin Leu Arg Asn 
2405 2410 2415 

Gly Ala Thr Asp His Pro Leu Leu Gly Ala Pro Leu Leu Val Ser Ala 



2420 



2425 



2430 



Arg Pro 



Gly Ala His Leu Trp 



Glu Gin Ala Leu Ser 



Asp Glu Arg Leu 
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243S 2440 2445 

Ser Tyr Leu Ser Glu His Arg Val His Gly Glu Ala Val Leu Pro Ser 
2450 2455 2460 

Ala Ala Tyr Val Glu Met Ala Leu Ala Ala Gly Val Asp Leu Tyr Gly 
2465 2470 2475 2480 

Thr Ala Thr Leu Val Leu Glu Gin Leu Ala Leu Glu Arg Ala Leu Ala 
2485 2490 2495 

Val Pro Ser Glu Gly Gly Arg He Val Gin Val Ala Leu Ser Glu Glu 
2500 2505 2510 

Gly Pro Gly Arg Ala Ser Phe Gin Val Ser Ser Arg Glu Glu Ala Gly 
2515 2520 2525 

Arg Ser Trp Val Arg His Ala Thr Gly His Val Cys Ser Gly Gin Ser 
2530 2535 2540 

Ser Ala Val Gly Ala Leu Lys Glu Ala Pro Trp Glu He Gin Arg Arg 
2545 2550 2555 2560 

Cys Pro Ser Val Leu Ser Ser Glu Ala Leu Tyr Pro Leu Leu Asn Glu 
2565 2570 2575 

His Ala Leu Asp Tyr Gly Pro Cys Phe Gin Gly Val Glu Gin Val Trp 
2580 2585 2590 

Leu Gly Thr Gly Glu Val Leu Gly Arg Val Arg Leu Pro Gly Asp Met 
2595 2600 2605 

Ala Ser Ser Ser Gly Ala Tyr Arg He His Pro Ala Leu Leu Asp Ala 
2610 2615 2620 

Cys Phe Gin Val Leu Thr Ala Leu Leu Thr Thr Pro Glu Ser He Glu 
2625 2630 2635 2640 

He Arg Arg Arg Leu Thr Asp Leu His Glu Pro Asp Leu Pro Arg Ser 
2645 2650 2655 

Arg Ala Pro Val Asn Gin Ala Val Ser Asp Thr Trp Leu Trp Asp Ala 
2660 2665 2670 

Ala Leu Asp Gly Gly Arg Arg Gin Ser Ala Ser Val Pro Val Asp Leu 
2675 2680 2685 

Val Leu Gly Ser Phe His Ala Lys Trp Glu Val Met Glu Arg Leu Ala 
2690 2695 2700 

Gin Ala Tyr lie He Gly Thr Leu Arg He Trp Asn Val Phe Cys Ala 
2705 2710 2715 2720 

Ala Gly Glu Arg His Thr He Asp Glu Leu Leu Val Arg Leu Gin He 
2725 2730 2735 

Ser Val Val Tyr Arg Lys Val He Lys Arg Trp Met Glu His Leu Val 
2740 2745 2750 

Ala He Gly He Leu Val Gly Asp Gly Glu His Phe Val Ser Ser Gin 
2755 2760 2765 

Pro Leu Pro Glu Pro Asp Leu Ala Ala Val Leu Glu Glu Ala Gly Arg 
2770 2775 2780 
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Val Phe Ala Asp Leu Pro Val Leu Phe Glu Trp Cys Lys Phe Ala Gly 
2785 2790 2795 2800 

Glu Arg Leu Ala Asp Val Leu Thr Gly Lys Thr Leu Ala Leu Glu lie 
2805 2810 2815 

Leu Phe Pro Gly Gly Ser Phe Asp Met Ala Glu Arg He Tyr Arg Asp 
2820 2825 2830 

Ser Pro He Ala Arg Tyr Ser Asn Gly He Val Arg Gly Val Val Glu 
2835 2840 2845 

Ser Ala Ala Arg Val Val Ala Pro Ser Gly Met Phe Ser He Leu Glu 
2850 2855 2860 

He Gly Ala Gly Thr Gly Ala Thr Thr Ala Ala Val Leu Pro Val Leu 
2865 2870 2875 2880 

Leu Pro Asp Arg Thr Glu Tyr His Phe Thr Asp Val Ser Pro Leu Phe 
2885 2890 2895 

Leu Ala Arg Ala Glu Gin Arg Phe Arg Asp Tyr Pro Phe Leu Lys Tyr 
2900 2905 2910 

Gly He Leu Asp Val Asp Gin Glu Pro Ala Gly Gin Gly Tyr Ala His 
2915 2920 2925 

Gin Arg Phe Asp Val He Val Ala Ala Asn Val He His Ala Thr Arg 
2930 2935 2940 

Asp He Arg Ala Thr Ala Lys Arg Leu Leu Ser Leu Leu Ala Pro Gly 
2945 2950 2955 2960 

Gly Leu Leu Val Leu Val Glu Gly Thr Gly His Pro He Trp Phe Asp 
2965 2970 2975 

He Thr Thr Gly Leu He Glu Gly Trp Gin Lys Tyr Glu Asp Asp Leu 
2980 2985 2990 

Arg lie Asp His Pro Leu Leu Pro Ala Arg Thr Trp Cys Asp Val Leu 
2995 3000 3005 

Arg Arg Val Gly Phe Ala Asp Ala Val Ser Leu Pro Gly Asp Gly Ser 
3010 3015 3020 

Pro Ala Gly He Leu Gly Gin His Val He Leu Ser Arg Ala Pro Gly 
3025 3030 3035 3040 

He Ala Gly Ala Ala Cys Asp Ser Ser Gly Glu Ser Ala Thr Glu Ser 
3045 3050 3055 

Pro Ala Ala Arg Ala Val Arg Gin Glu Trp Ala Asp Gly Ser Ala Asp 
3060 3065 3070 

Val Val His Arg Met Ala Leu Glu Arg Met Tyr Phe His Arg Arg Pro 
3075 3080 3085 

Gly Arg Gin Val Trp Val His Gly Arg Leu Arg Thr Gly Gly Gly Ala 
3090 3095 3100 

Phe Thr Lys Ala Leu Ala Gly Asp Leu Leu Leu Phe Glu Asp Thr Gly 
3105 3110 3115 3120 

Gin Val Val Ala Glu Val Gin Gly Leu Arg Leu Pro Gin Leu Glu Ala 
3125 3130 3135 
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Ser Ala Phe Ala Pro Arg Asp Pro Arg Glu Glu Trp Leu Tyr Ala Leu 
3140 3145 3150 

Glu Trp Gin Arg Lys Asp Pro lie Pro Glu Ala Pro Ala Ala Ala Ser 
3155 3160 3165 

Ser Ser Ser Ala Gly Ala Trp Leu Val Leu Met Asp Gin Gly Gly Thr 
3170 3175 3180 

Gly Ala Ala Leu Val Ser Leu Leu Glu Gly Arg Gly Glu Ala Cys Val 
3185 3190 3195 3200 

Arg Val lie Ala Gly Thr Ala Tyr Ala Cys Leu Ala Pro Gly Leu Tyr 
3205 3210 3215 

Gin Val Asp Pro Ala Gin Pro Asp Gly Phe His Thr Leu Leu Arg Asp 
3220 3225 3230 

Ala Phe Gly Glu Asp Arg lie Cys Arg Ala Val Val His Met Trp Ser 
3235 3240 3245 

Leu Asp Ala Thr Ala Ala Gly Glu Arg Ala Thr Ala Glu Ser Leu Gin 
3250 3255 3260 

Ala Asp Gin Leu Leu Gly Ser Leu Ser Ala Leu Ser Leu Val Gin Ala 
3265 3270 3275 3280 

Leu Val Arg Arg Arg Trp Arg Asn Met Pro Arg Leu Trp Leu Leu Thr 
3285 3290 3295 

Arg Ala Val His Ala Val Gly Ala Glu Asp Ala Ala Ala Ser Val Ala 
3300 3305 3310 

Gin Ala Pro Val Trp Gly Leu Gly Arg Thr Leu Ala Leu Glu His Pro 
3315 3320 3325 

Glu Leu Arg Cys Thr Leu Val Asp Val Asn Pro Ala Pro Ser Pro Glu 
3330 3335 3340 

Asp Ala Ala Ala Leu Ala Val Glu Leu Gly Ala Ser Asp Arg Glu Asp 
3345 3350 3355 3360 

Gin Val Ala Leu Arg Ser Asp Gly Arg Tyr Val Ala Arg Leu Val Arg 
3365 3370 3375 

Ser Ser Phe Ser Gly Lys Pro Ala Thr Asp Cys Gly He Arg Ala Asp 
3380 3385 3390 

Gly Ser Tyr Val lie Thr Asp Gly Met Gly Arg Val Gly Leu Ser Val 
3395 3400 3405 

Ala Gin Trp Met Val Met Gin Gly Ala Arg His Val Val Leu Val Asp 
3410 3415 3420 

Arg Gly Gly Ala Ser Glu Ala Ser Arg Asp Ala Leu Arg Ser- Met Ala 
3425 3430 3435 3440 

Glu Ala Gly Ala Glu Val Gin He Val Glu Ala Asp Val Ala Arg Arg 
3445 3450 3455 

Asp Asp Val Ala Arg Leu Leu Ser Lys He Glu Pro Ser Met Pro Pro 
3460 3465 3470 

Leu Arg Gly He Val Tyr Val Asp Gly Thr Phe Gin Gly Asp Ser Ser 



WO 99/66028 



PCT/EP99/04171 



-64- 



3475 3480 3485 

Met Leu Glu Leu Asp Ala Arg Arg Phe Lys Glu Trp Met Tyr Pro Lys 
3490 3495 3500 

Val Leu Gly Ala Trp Asn Leu His Ala Leu Thr Arg Asp Arg Ser Leu 
3505 3510 3515 3520 

Asp Phe Phe Val Leu Tyr Ser Ser Gly Thr Ser Leu Leu Gly Leu Pro 
3525 3530 3535 

Gly Gin Gly Ser Arg Ala Ala Gly Asp Ala Phe Leu Asp Ala lie Ala 
3540 3545 3550 

His His Arg Cys Lys Val Gly Leu Thr Ala Met Ser He Asn Trp Gly 
3555 3560 3565 

Leu Leu Ser Glu Ala Ser Ser Pro Ala Thr Pro Asn Asp Gly Gly Ala 
3570 3575 3580 

Arg Leu Glu Tyr Arg Gly Met Glu Gly Leu Thr Leu Glu Gin Gly Ala 
3585 3590 3595 3600 

Ala Ala Leu Gly Arg Leu Leu Ala Arg Pro Arg Ala Gin Val Gly Val 
3605 3610 3615 

Met Arg Leu Asn Leu Arg Gin Trp Leu Glu Phe Tyr Pro Asn Ala Ala 
3620 3625 3630 

Arg Leu Ala Leu Trp Ala Glu Leu Leu Lys Glu Arg Asp Arg Ala Asp 
3635 3640 3645 

Arg Gly Ala Ser Asn Ala Ser Asn Leu Arg Glu Ala Leu Gin Ser Ala 
3650 3655 3660 

Arg Pro Glu Asp Arg Gin Leu He Leu Glu Lys His Leu Ser Glu Leu 
3665 3670 3675 3680 

Leu Gly Arg Gly Leu Arg Leu Pro Pro Glu Arg He Glu Arg His Val 
3685 3690 3695 

Pro Phe Ser Asr. Leu Gly Met Asp Ser Leu lie Gly Leu Glu Leu Arg 
3700 3705 3710 

Asn Arg He Glu Ala Ala Leu Gly He Thr Val Pro Ala Thr Leu Leu 
3715 3720 3725 

Trp Thr Tyr Pro Asn Val Ala Ala Leu Ser Gly Ser Leu Leu Asp He 
3730 3735 3740 

Leu Phe Pro Asn Ala Gly Ala Thr His Ala Pro Ala Thr Glu Arg Glu 
3745 3750 3755 3760 

Lys Ser Phe Glu Asn Asp Ala Ala Asp Leu Glu Ala Leu Arg Gly Met 
3765 3770 3775 

Thr Asp Glu Gin Lys Asp Ala Leu Leu Ala Glu Lys Leu Ala Gin Leu 
3780 3785 3790 

Ala Gin He Val Gly Glu 
3795 



<210> 7 
<211> 2439 
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<212> PRT 

<213> Sorangiurn cellulosum 
<400> 7 

Met Ala Thr Thr Asn Ala Gly Lys Leu Glu His Ala Leu Leu Leu Met 
15 10 15 

Asp Lys Leu Ala Lys Lys Asn Ala Ser Leu Glu Gin Glu Arg Thr Glu 
20 25 30 

Pro lie Ala He Val Gly He Gly Cys Arg Phe Pro Gly Gly Ala Asp 
35 40 45 

Thr Pro Glu Ala Phe Trp Glu Leu Leu Asp Ser Gly Arg Asp Ala Val 
50 55 60 

Gin Pro Leu Asp Arg Arg Trp Ala Leu Val Gly Val His Pro Ser Glu 
65 70 75 80 

Glu Val Pro Arg Trp Ala Gly Leu Leu Thr Glu Ala Val Asp Gly Phe 
85 90 95 

Asp Aia Ala Phe Phe Gly Thr Ser Pro Arg Glu Ala Arg Ser Leu Asp 
100 105 110 

Pro Gin Gin Arg Leu Leu Leu Glu Val Thr Trp Glu Gly Leu Glu Asp 
115 120 125 

Ala Gly He Ala Pro Gin Ser Leu Asp Gly Ser Arg Thr Gly Val Phe 
130 135 140 

Le»j Gly Ala Cys Ser Ser Asp Tyr Ser His Thr Val Ala Gin Gin Arg 
145 150 155 160 

Arg Glu Glu Gin Asp Ala Tyr Asp He Thr Gly Asn Thr Leu Ser Val 
165. 170 • 175 

Ala Ala Gly Arg Leu Ser Tyr Thr Leu Gly Leu Gin Gly Pro Cys Leu 
180 185 190 

Thr Val Asp Thr Ala Cys Ser Ser Ser Leu Val Ala He His Leu Ala 
195 200 205 

Cys Arg Ser Leu Arg Ala Arg Glu Ser Asp Leu Ala Leu Ala Gly Gly 
21C 215 220 

Val Asn Met Leu Leu Ser Ser Lys Thr Met He Met Leu Gly Arg He 
225 230 235 240 

Glr. Ala Leu Ser Pro Asp Gly His Cys Arg Thr Phe Asp Ala Ser Ala 
245 250 255 

Asn Giy_ Phe Val Arg Gly Glu Gly Cys Gly Met Val Val Leu Lys Arg 
260 265 270 

Leu Ser Asp Ala Gin Arg His Gly Asp Arg He Trp Ala Leu lie Arg 
275 ■ 280 285 

Gly Ser Ala Met Asn Gin Asp Gly Arg Ser Thr Gly Leu Met Ala Pro 
290 295 300 

Asn Val Leu Ala Gin Glu Ala Leu Leu Arg Glu Ala Leu Gin Ser Ala 
305 310 315 320 

Arg Val Asp Ala Gly Ala lie Gly Tyr Val Glu Thr His Gly Thr Gly 
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325 330 335 

Thr Ser Leu Gly Asp Pro lie Glu Val Glu Ala Leu Arg Ala Val Leu 
340 345 350 

Gly Pro Ala Arg Ala Asp Gly Ser Arg Cys Val Leu Gly Ala Val Lys 
355 360 365 

Thr Asn Leu Gly His Leu Glu Gly Ala Ala Gly Val Ala Gly Leu He 
370 375 380 

Lys Ala Ala Leu Ala Leu His His Glu Leu He Pro Arg Asn Leu His 
385 390 395 400 

Phe His Thr Leu Asn Pro Arg He Arg He Glu Gly Thr Ala Leu Ala 
405 410 415 

Leu Ala Thr Glu Pro Val Pro Trp Pro Arg Ala Gly Arg Pro Arg Phe 
420 425 430 

Ala Gly Val Ser Ala Phe Gly Leu Ser Gly Thr Asn Val His Val Val 
435 440 445 

Leu Glu Glu Ala Pro Ala Thr Val Leu Ala Pro Ala Thr Pro Gly Arg 
450 455 460 

Ser Ala Glu Leu Leu Val Leu Ser Ala Lys Ser Ala Ala Ala Leu Asp 
465 470 475 480 

Ala Gin Ala Ala Arg Leu Ser Ala His He Ala Ala Tyr. Pro Glu Gin 
485 490 495 

Gly Leu Gly Asp Val Ala Phe Ser Leu Val Ser Thr Arg Ser Pro Met 
500 505 510 

Glu His Arg Leu Ala Val Ala Ala Thr Ser Arg Glu Ala Leu Arg Ser 
515 520 525 

Ala Leu Glu Val Ala Ala Gin Gly Gin Thr Pro Ala Gly Ala Ala Arg 
530 535 540 

Giy Arg Aia Ala Ser Ser Pro Gly Lys Leu Ala Phe Leu Phe Ala Gly 
545 550 555 560 

Gin Gly Ala Gin Val Pro Gly Met Gly Arg Gly Leu Trp Glu Ala Trp 
565 570 575 

Pro Ala Phe Arg Glu Thr Phe Asp Arg Cys Val Thr Leu Phe Asp Arg 
580 585 590 

Glu Leu His Gin Pro Leu Cys Glu Val Met Trp Ala Glu Pro Gly Ser 
595 600 605 

Ser Arg Ser Ser Leu Leu Asp Gin Thr Ala Phe Thr Gin Pro Ala Leu 
610 615 620 

Phe Ala Leu Glu Tyr Ala Leu Ala Ala Leu Phe Arg Ser Trp Gly Val 
625 630 635 640 

Glu Pro Glu Leu Val Ala Gly His Ser Leu Gly Glu Leu Val Ala Ala 
645 650 ■ 655 

Cys Val Ala Gly Val Phe Ser Leu Glu Asp Ala Val Arg Leu Val Val 
660 665 670 
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Ala Arg Gly Arg Leu Met Gin Ala Leu Pro Ala Gly Gly Ala Met Val 
675 680 685 

Ser He Ala Ala Pro Glu Ala Asp Val Ala Ala Ala Val Ala Pro His 
690 695 700 

Ala Ala Leu Val Ser He Ala Ala Val Asn Gly Pro Glu Gin Val Val 
705 710 715 720 

He Ala Gly Ala Glu Lys Phe Val Gin Gin lie Ala Ala Ala Phe Ala 
725 730 735 

Ala Arg Gly Ala Arg Thr Lys Pro Leu His Val Ser His Ala Phe His 
740 745 750 

Ser Pro Leu Met Asp Pro Met Leu Glu Ala Phe Arg Arg Val Thr Glu 
755 760 765 

Ser Val Thr Tyr Arg Arg Pro Ser He Ala Leu Val Ser Asn Leu Ser 
770 775 780 

Gly Lys Pro Cys Thr Asp Glu Val Ser Ala Pro Gly Tyr Trp Val Arg 
785 790 795 800 

His Ala Arg Glu Ala Val Arg Phe Ala Aso Gly Val Lys Ala Leu His 
805 810 815 

Ala Ala Gly Ala Gly Leu Phe Val Glu Val Gly Pro Lys Pro Thr Leu 
820 825 830 

Leu Gly Leu Val Pro Ala Cys Leu Pro Asp Ala Arg Pro Val Leu Leu 
835 840 845 

Pro Ala Ser Arg Ala Gly Arg Asp Glu Ala Ala Ser Ala Leu Glu Ala 
850 855 860 

Leu Gly Gly Phe Trp Val Val Gly Gly Ser Val Thr Trp Ser Gly Val 
865 870 875 880 

Phe Pro Ser Gly Gly Arg Arg Val Pro Leu Pro Thr Tyr Pro Trp Gin 
S85 890 895 

Arg Glu Arg Tyr Trp He Glu Ala Pro Val Asp Arg Glu Ala Asp Gly 
900 905 910 

Thr Gly Arg Ala Arg Ala Gly Gly His Pro Leu Leu Gly Glu Val Phe 
915 920 925 

Ser Val Ser Thr His Ala Gly Leu Arg Leu Trp Glu Thr Thr Leu Asp 
930 935 940 

Arg Lys Arg Leu Pro Trp Leu Gly Glu His Arg Ala Gin Gly Glu Val 
945 950 955 960 

Val Phe Pro Gly Ala Gly Tyr Leu Glu Met Ala Leu Ser Ser Gly Ala 
965 970 975 

Glu He Leu Gly Asp Gly Pro He Gin Val Thr Asp Val Val Leu He 
980 985 990 

Glu Thr Leu Thr Phe Ala Gly Asp Thr Ala Val Pro Val Gin Val Val 
995 1000 1005 

Thr Thr Glu Glu Arg Pro Gly Arg Leu Arg Phe Gin Val Ala Ser Arg 
1010 1015 1020 
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Glu Pro Gly Glu Arg Arg Ala Pro Phe Arg lie His Ala Arg Gly Val 
1025 1030 1035 1040 

Leu Arg Arg lie Gly Arg Val Glu Thr Pro Ala Arg Ser Asn Leu Ala 
1045 1050 1055 

Ala Leu Arg Ala Arg Leu His Ala Ala Val Pro Ala Ala Ala lie Tyr 
1060 1065 1070 

Gly Ala Leu Ala Glu Met Gly Leu Gin Tyr Gly Pro Ala Leu Arg Gly 
1075 1080 1085 

Leu Ala Glu Leu Trp Arg Gly Glu Gly Glu Ala Leu Gly Arg Val Arg 
1090 1095 1100 

Leu Pro Glu Ala Ala Gly Ser Ala Thr Ala Tyr Gin Leu His Pro Val 
1105 1110 1115 1120 

Leu Leu Asp Ala Cys Val Gin Met He Val Gly Ala Phe Ala Asp Arg 
1125 1130 1135 

Asp Glu Ala Thr Pro Trp Ala Pro Val Glu Val Gly Ser Val Arg Leu 
1140 1145 1150 

Phe Gin Arg Ser Pro Gly Glu Leu Trp Cys His Ala Arg Val Val Ser 
1155 1160 1165 

Asp Gly Gin Gin Ala Ser Ser Arg Trp Ser Ala Asp Phe Glu Leu Met 
1170 1175 1180 

Asp Gly Thr Gly Ala Val Val Ala Glu He Ser Arg Leu Val Val Glu 
1135 1190 1195 1200 

Arg Leu Ala Ser Gly Val Arg Arg Arg Asp Ala Asp Asp Trp Phe Leu 
1205 1210 1215 

Glu Leu Asp Trp Glu Pro Ala Ala Leu Gly Gly Pro Lys He Thr Ala 
1220 1225 1230 

Gly Arg Trp Leu Leu Leu Gly Glu Gly Gly Gly Leu Gly Arg Ser Leu 
1235 1240 1245 

Cys Ser Ala Leu Lys Ala Ala Gly His Val Val Val His Ala Ala Gly 
1250 1255 1260 

Asp Asp Thr Ser Thr Ala Gly Met Arg Ala Leu Leu Ala Asn Ala Phe 
1265 1270 1275 1280 

Asp Gly Gin Ala Pro Thr Ala Val Val His Leu Ser Ser Leu Asp Gly 
1285 1290 1295 

Gly Gly-Cln Leu Gly Pro Gly Leu Gly Ala Gin Gly Ala Leu Asp Ala 
1300 1305 1310 

Pro Arg Ser Pro Asp Val Asp Ala Asp Ala Leu Glu Ser Ala Leu Met 
1315 • 1320 1325 

Arg Gly Cys Asp Ser Val Leu Ser Leu Val Gin Ala Leu Val Gly Met 
* 1330 1335 1340 

Asp Leu Arg Asn Ala Pro Arg Leu Trp Leu Leu Thr Arg Gly Ala Gin 
1345 1350 1355 1360 

Ala Ala Ala Ala Gly Asp Val Ser Val Val Gin Ala Pro Leu Leu Gly 
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1365 1370 1375 

Leu Gly Arg Thr He Ala Leu Glu His Ala Glu Leu Arg Cys He Ser 
1380 1385 1390 

Val Asp Leu Asp Pro Ala Glu Pro Glu Gly Glu Ala Asp Ala Leu Leu 
1395 1400 1405 

Ala Glu Leu Leu Ala Asp Asp Ala Glu Glu Glu Val Ala Leu Arg Gly 
1410 1415 1420 

Gly Asp Arg Leu Val Ala Arg Leu Val His Arg Leu Pro Asp Ala Gin 
1425 1430 1435 1440 

Arg Arg Glu Lys Val Glu Pro Ala Gly Asp Arg Pro Phe Arg Leu Glu 
1445 1450 1455 

He Asp Glu Pro Gly Ala Leu Asp Gin Leu Val Leu Arg Ala Thr Gly 
1460 1465 1470 

Arg Arg Ala Pro Gly Pro Gly Glu Val Glu He Ser Val Glu Ala Ala 
1475 1480 1485 

Gly Leu Asp Ser He Asp He Gin Leu Ala Leu Gly Val Ala Pro Asn 
1490 1495 1500 

Asp Leu Pro Gly Glu Glu He Glu Pro Leu Val Leu Gly Ser Glu Cys 
1505 1510 1515 1520 

Ala Gly Arg He Val Ala Val Gly Glu Gly Val Asn Gly Leu Val Val 
1525 1530 1535 

Gly Gin Pro Val He Ala Leu Ala Ala Gly Val Phe Ala Thr His Val 
1540 1545 1550 

Thr Thr Ser Ala Thr Leu Val Leu Pro Arg Pro Leu Gly Leu Ser Ala 
1555 1560 1565 

. Thr Glu Ala Ala Ala Met Pro Leu Ala Tyr Leu Thr Ala Trp Tyr Ala 
1570 1575 1580 

Leu Asp Lys Val Ala His Leu Gin Ala Gly Glu Arg Val Leu lie His 
1585 1590 1595 1600 

Ala Giu Ala Gly Gly Val Gly Leu Cys Ala Val Arg Trp Ala Gin Arg 
1605 1610 1615 

Val Gly Ala Glu Val Tyr Ala Thr Ala Asp Thr Pro Glu Asn Arg Ala 
1620 1625 1630 

Tyr Leu Glu Ser Leu Gly Val Arg Tyr Val Ser Asp Ser Arg Ser Gly 
1635 1640 1645 

Arg Phe Val Thr Asp Val His Ala Trp- Thr Asp Gly Glu Gly Val Asp 
1650 1655 1660 

Val Val Leu Asp Ser Leu Ser Gly Glu Arg He Asp Lys Ser Leu Met 
1665 1670 1675 1680 

Val Leu Arg Ala Cys Gly Arg Leu Val Lys Leu Gly Arg Arg Asp Asp 
1685 1690 1695 

Cys Ala Asp Thr Gin Pro Gly Leu Pro Pro Leu Leu Arg Asn Phe Ser 
1700 1705 1710 
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Phe Ser Gin Val Asp Leu Arg Gly Met Met Leu Asp Gin Pro Ala Arg 
1715 ' 1720- 1725 

He Arg Ala Leu Leu Asp Glu Leu Phe Gly Leu Val Ala Ala Gly Ala 
1730 1735 1740 

He Ser Pro Leu Gly Ser Gly Leu Arg Val Gly Gly Ser Leu Thr Pro 
1745 1750 1755 1760 

Pro Pro Val Glu Thr Phe Pro He Ser Arg Ala Ala Glu Ala Phe Arg 
1765 1770 1775 

Arg Met Ala Gin- Gly Gin His Leu Gly Lys Leu Val Leu Thr Leu Asp 
1780 1785 1790 

Asp Pro Glu Val Arg He Arg Ala Pro Ala Glu Ser Ser Val Ala Val 
1795 1800 1805 

Arg Ala Asp Gly Thr Tyr Leu Val Thr Gly Gly Leu Gly Gly Leu Gly 
1810 1815 1820 

Leu Arg Val Ala Gly Trp Leu Ala Glu Arg Gly Ala Gly Gin Leu Val 
1825 1830 1835 1840 

Leu Val Gly Arg Ser Gly Ala Ala Ser Ala Glu Gin Arg Ala Ala Val 
1845 1850 1855 

Ala Ala Leu Glu Ala His Gly Ala Arg Val Thr Val Ala Lys Ala Asp 
1860 1865 1870 

Val Ala Asp Arg Ser Gin He Glu Arg Val Leu Arg Glu Val Thr Ala 
1875 1880 1885 

Ser Gly Met Pro Leu Arg Gly Val Val His Ala Ala Gly Leu Val Asp 
1890 1895 1900 

Asp Gly Leu Leu Met Gin Gin Thr Pro Ala Arg Phe Arg Thr Val Met 
1905 1910 1915 1920 

Gly Pro Lys Val Gin Gly Ala Leu His Leu His Thr Leu Thr Arg Glu 
1925 1930 1935 

Ala Pro Leu Ser Phe Phe Val Leu Tyr Ala Ser Ala Ala Gly Leu Phe 
1940 1945 1950 

Gly Ser Pro Gly Gin Gly Asn Tyr Ala Ala Ala Asn Ala Phe Leu Asp 
1955 1960 1965 

Aia Leu Ser His His Arg Arg Ala Gin Gly Leu Pro Ala Leu Ser He 
1970 1975 1980 

Asp Trp Gly Met Phe Thr Glu Val Gly Met Ala Val Ala Gin Glu Asn 
1985 1990 1995 2000 

Arg Gly Ala Arg Gin He Ser Arg Gly Met Arg Gly He Thr Pro Asp 
2005 2010 2015 

Glu Gly Leu Ser Ala Leu Ala Arg Leu Leu Glu Gly Asp Arg Val Gin 
2020 2025 2030 

Thr Gly Val He Pro He Thr Pro Arg Gin Trp Val Glu Phe Tyr Pro 
2035 2040 2045 

Ala Thr Ala Ala Ser Arg Arg Leu Ser Arg Leu Val Thr Thr Gin Arg 
2050 2055 2060 
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Ala Val Ala Asp Arg Thr Ala Gly Asp Arg Asp Leu Leu Glu Gin Leu 
2065 2070 2075 2080 

Ala Ser Ala Glu Pro Ser Ala Arg Ala Gly Leu Leu Gin Asp Val Val 
2085 2090 2095 

Arg Val Gin Val Ser His Val Leu Arg Leu Pro Glu Asp Lys lie Glu 
2100 2105 2110 

Val Asp Ala Pro Leu Ser Ser Met Gly Met Asp Ser Leu Met Ser Leu 
2115 2120 2125 

Glu Leu Arg Asn Arg lie Glu Ala Ala Leu Gly Val Ala Ala Pro Ala 
2130 . 2135 2140 

Ala Leu Gly Trp Thr Tyr Pro Thr Val Ala Ala He Thr Arg Trp Leu 
2145 2150 2155 2160 

Leu Asp Asp Ala Leu Val Val Arg Leu Gly Gly Gly Ser Asp Thr Asp 
2165 2170 2175 

Glu Ser Thr Ala Ser Ala Gly Ser Phe Val His Val Leu Arg Phe Arg 
2180 2185 2190 

Pro Val Val Lys Pro Arg Ala Arg Leu Phe Cys Phe His Gly Ser Gly 
2195 2200 2205 

Gly Ser Pro Giu Gly Phe Arg Ser Trp Ser Glu Lys Ser Glu Trp Ser 
2210 2215 2220 

Asp Leu Glu He Val Ala Met Trp His Asp Arg Ser Leu Ala Ser Glu 
2225 2230 2235 2240 

Asp Ala Pro Gly Lys Lys Tyr Val Gin Glu Ala Ala Ser Leu He Gin 
2245 2250 2255 

His Tyr Ala Asp Ala Pro Phe Ala Leu Val Gly Phe Ser Leu Gly Val 
2260 2265 2270 

Arg Phe Val Met Gly Thr Ala Val Glu Leu Ala Ser Arg Ser Gly Ala 
2275 2280 2285 

Pro Ala Pro Leu Ala Val Phe Thr Leu Gly Gly Ser Leu He Ser Ser 
2290 2295 2300 

Ser Glu He Thr Pro Glu Met Glu Thr Asp He He Ala Lys Leu Phe 
2305 2310 2315 2320 

Phe Arg Asn Ala Ala Gly Phe Val Arg Ser Thr Gin Gin Val Gin Ala 
2325 2330 2335 

Asp Ala Arg Ala Asp Lys Val He Thr Asp Thr Met Val Ala Pro Ala 
- 2340 2345 2350 

Pro Gly Asp Ser Lys Glu Pro Pro Val Lys He Ala Val Pro He Val 
2355 2360 2365 

Ala He Ala Gly Ser Asp Asp Val He Val Pro Pro Ser Asp Val Gin 
2370 2375 2380 

Asp Leu Gin Ser Arg Thr Thr Glu Arg Phe Tyr Met His Leu Leu Pro 
2385 2390 2395 2400 

Gly Asp His Glu Phe Leu Val Asp Arg Gly Arg Glu He Met His He 
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2405 2410 2415 

Val Asp Ser His Leu Asn Pro Leu Leu Ala Ala Arg Thr Thr Ser Ser 
2420 2425 2430 

Gly Pro Ala Phe Glu Ala Lys 
2435 



<210> 8 
<211> 419 
<212> PRT 

<213> Sorangium cellulosum 
<400> 8 

Met Thr Gin Glu Gin Ala Asn Gin Ser Glu Thr Lys Pro Ala Phe Asp 
15 10 15 

Phe Lys Pro Phe Ala Pro Gly Tyr Ala Glu Asp Pro Phe Pro Ala lie 
20 25 30 

Glu Arg Leu Arg Glu Ala Thr Pro He Phe Tyr Trp Asp Glu Gly Arg 
35 40 45 

Ser Trp Val Leu Thr Arg Tyr His Asp Val Ser Ala Val Phe Arg Asp 
50 55 60 

Glu Arg Phe Ala Val Ser Arg Glu Glu Trp Glu Ser Ser Ala Glu Tyr 
65 70 75 80 

Ser Ser Ala He Pro Glu Leu Ser Asp Met Lys Lys Tyr Gly Leu Phe 
85 90 95 

Gly Leu Pro Pro Glu Asp His Ala Arg Val Arg Lys Leu Val Asn Pro 
100 105 110 

Ser Phe Thr Ser Arg Ala He Asp Leu Leu Arg Ala Glu He Gin Arg 
115 120 125 

Thr Val Asp Gin Leu Leu Asp Ala Arg Ser Gly Gin Glu Glu Phe Asp 
130 125 140 

Val Val Arg Asp Tyr Ala Glu Gly lie Pro Met Arg Ala He Ser Ala 
145 150 155' 160 

Leu Leu Lys Val Pro Ala Glu Cys Aso Glu Lys Phe Arg Arg Phe Gly 
165 170 175 

Ser Ala Thr Ala Arg Ala Leu Gly Val Gly Leu Val Pro Gin Val Asp 
180 185 190 

Glu Glu Thr Lys Thr Leu Val Ala Ser Val Thr Glu Gly Leu Ala Leu 
-195 200 205 

Leu His Asp Val Leu Asp Glu Arg Arg Arg Asn Pro Leu Glu Asn Asp 
210 215 220 

Val Leu Thr Met Leu Leu Gin Ala Glu Ala Asp Gly Ser Arg Leu Ser 
225 230 235 240 

Thr Lys Glu Leu Val Ala Leu Val Gly Ala He He Ala Ala Gly Thr 
245 250 255 

Asp Thr Thr He Tyr Leu He Ala Phe Ala Val Leu Asn Leu Leu Arg 
260 265 270 
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Ser Pro Glu Ala Leu Glu Leu Val Lys Ala Glu Pro Gly Leu Met Arg 
275 280 285 



Asn Ala Leu Asp Glu Val Leu Arg Phe Asp Asn lie Leu Arg He Gly 
290 295 300 

Thr Val Arg Phe Ala Arg Gin Asp Leu Glu Tyr Cys Gly Ala Ser He 
305 310 315 320 

Lys Lys Gly Glu Met Val Phe Leu Leu He Pro Ser Ala Leu Arg Asp 
325 330 335 

Gly Thr Val Phe Ser Arg Pro Asp Val Phe Asp Val Arg Arg Asp Thr 
340 345 350 

Gly Ala Ser Leu Ala Tyr Gly Arg Gly Pro His Val Cys Pro Gly Val 
355 360 365 

Ser Leu Ala* Arg Leu Glu Ala Glu He Ala Val Gly Thr He Phe Arg 
370 375 380 

Arg Phe Pro Glu Met Lys Leu Lys Glu Thr Pro Val Phe Gly Tyr His 
385 390 395 400 

Pro Ala Phe Arg Asn He Glu Ser Leu Asn Val He Leu Lys Pro Ser 
405 410 415 

Lys Ala Gly 



<210> 9 
<211> 607 
<212> PRT 

<213> Sorangium cellulosum 
<400> 9 

Ala Ser Leu Asp Ala Leu Phe Ala Arg Ala Thr Ser Ala Arg Val Leu 
1 5 10 15 

Asp Asp Gly His Gly Arg Ala Thr Glu Arg His Val Leu Ala Glu Ala 
20 25 30 

Arg Gly He Glu Asp Leu Arg Ala Leu Arg Glu His Leu Arg He Gin 
35 40 45 

Glu Gly Gly Pro Ser Phe His Cys Met Cys Leu Gly Asp Leu Thr Val 
50 55 60 

Glu Leu Leu Ala His Asp Gin Pro Leu Ala Ser He Ser Phe His His 
65 70 75 80 

Ala Arg-Ser Leu Arg His Pro Asp Trp Thr Ser Asp Ala Met Leu Val 
85 90 95 

Asp Gly Pro Ala Leu Val Arg Trp Leu Ala Ala Arg Gly Ala Pro Gly 
100 105 110 

Pro Leu Arg Glu Tyr Glu Glu Glu Arg Glu Arg Ala Arg Thr Ala Gin 
115 120 125 

Glu Ala Arg Arg Leu Trp Leu Ala Ala Ala Pro Pro Cys Phe Ala Pro 
130 135 140 
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Asp Leu Pro Arg Phe Glu Asp Asp Ala Asn Gly Leu Pro Leu Gly Pro 
145 150 155 160 

Met Ser Pro Glu Val Ala Glu Ala. Glu Arg Arg Leu Arg Ala Ser Tyr 
165 170 175 

Ala Thr Pro Glu Leu Ala Cys Ala Ala Leu Leu Ala Trp Leu Gly Thr 
180 185 190 

Gly Ala Gly Pro Trp Ser Gly Tyr Pro Ala Tyr Glu Met Leu Pro Glu 
195 200 205 

Asn Leu Leu Leu Gly Phe Gly Leu Pro Thr Ala lie Ala Ala Ala Ser 
210 215 220 

Ala Pro Gly Thr Ser Glu Ala Ala Leu Arg Gly Ala Ala Arg Leu Phe 
225 230 235 240 

Ala Ser Trp Glu Val Val Ser Ser Lys Lys Ser Gin Leu Gly Asn lie 
245 250 255 

Pro Glu Ala Leu Trp Glu Arg Leu Arg Thr lie Val Arg Ala Met Gly 
260 265 270 



ksn Ala Asp Asn Leu Ser Arg Phe Glu Arg Ala Glu Ala He Ala Ala 



280 



285 



Giu Val Arg Arg Leu Arg Ala Gin Pro Ala Pro Phe Ala Ala Gly Ala 
290 295 300 

Gly Leu Ala Val Ala Gly Val Ser Ser Ser Gly Arg Leu Ser Gly Leu 
305 310 315 320 

Val Thr Asp Gly Asp Ala Leu Tyr Ser Gly Asp Gly Asn Asp He Val 
325 330 " 335 

Met Phe Gin Pro Gly Arg lie Ser Pro Val Val Leu Leu Ala Gly Thr • 
340 345 350 

Asp Pro Phe Phe Glu Leu Ala Pro Pro Leu Ser Gin Met Leu Phe Val 
255 360 365 

Aia His Ala Asn Ala Gly Thr He Ser Lys Val Leu Thr Glu Gly Ser 
370 375 380 

Pro Leu He Val Met Ala Arg Asn Gin Ala Arg Pro Met Ser Leu Val 
335 390 395 400 

His Ala Arg Gly Phe Met Ala Trp Val Asn Gin Ala Met Val Pro Asp 
405 410 415 

Pro Glu Arg Gly Ala Pro Phe Val Val Gin Arg Ser Thr He Met Glu 
420 425 430 

Phe Glu His Pro Thr Pro Arg Cys Leu His Glu Pro Ala Gly Ser Ala 
435 440 445 

Phe Ser Leu Ala Cys Asp Glu Glu His Leu Tyr Trp Cys Glu Leu Ser 
450 455 460 

Ala Gly Arg Leu Glu Leu Trp Arg His Pro His His Arg Pro Gly Ala 
465 470 475 480 



Pro Ser Arg Phe Ala Tyr Leu Gly Glu His Pro He Ala Ala Thr Trp 
485 490 495 
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Tyr Pro Ser Leu Thr Leu Asn Ala Thr His Val Leu Trp Ala Asp Pro 
500 505 510 

Asp Arg Arg Ala lie Leu Gly Val Asp Lys Arg Thr Gly Val Glu Pro 
515 520 525 

lie Val Leu Ala Glu Thr Arg His Pro Pro Ala His Val Val Ser Glu 
530 535 540 

Asp Arg Asp He Phe Ala Leu Thr Gly Gin Pro Asp Ser Arg Asp Trp 
545 550 555 560 

His Val Glu His He Arg Ser Gly Ala Ser Thr Val Val Ala Asp Tyr 
565 570 575 

Gin Arg Gin Leu Trp Asp Arg Pro Asp Met Val Leu Asn Arg Arg Gly 
580 585 590 

Leu Phe Phe Thr Thr Asn Asp Arg He Leu Thr Leu Ala Arg Ser 
595 600 605 



<210> 10 
<211> 423 
<2I2> PR? 

<223> Sorangium cellulosum 
<400> 10 

Met Gly Ala Leu He Ser Val Ala Ala Pro Gly Cys Ala Leu Gly Gly 
15 10 15 

Ala Glu Glu Glu Gly Gin Pro Gly Gin Asp Ala Gly Ala Gly Ala Leu 
20 25 30 

Ala Pro Ala Arg Glu Val Met Ala Ala Glu Val Ala Ala Gly Gin Met 
35 40 45 

Pro Gly Ala Val Trp Leu Val Ala Arg Gly Asp Asp Val His Val Asp 
50 55 60 

Ala Val Gly Val Thr Glu Leu Gly Gly Ser Ala Pro Met Arg Arg Asp 
65 70 75 80 

Thr lie Phe Arg He Ala Ser Met Thr Lys Ala Val Thr Ala Thr Ala 
85 90 95 

Val Met Mec Leu Val Glu Glu Gly Lys Leu Asp Leu Asp Ser Pro Val 
100 105 110 

Asp Arg Trp Leu Pro Glu Leu Ala Asn Arg Lys Val Leu Ala Arg He 
115 120 125 

Asp Gly~*Pro He Asp Glu Thr Val Pro Ala Glu Arg Pro He Thr Val 
130 135 140 

Arg Asp Leu Met Thr Phe Thr Met Gly Phe Gly He Ser Phe Asp Ala 
145- 150 155 160 

Ser Ser Pro He Gin Arg Ala lie Asp Glu Leu Gly Leu Val Asn Ala 
165 170 175 

Gin Pro Val Pro Met Thr Pro His Gly Pro Asp Glu Trp lie Arg Arg 
180 185 190 
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Leu Gly Thr Leu Pro Leu Met His Gin Pro Gly Ala Gin Trp Met Tyr 
195 200 205 

Asn Thr Gly Ser Leu Val Gin Gly Val Leu Val Gly Arg Ala Ala Asp 
210 215 220 

Gin Gly ?he Asp Ala Phe Val Arg Glu Arg lie Leu Ala Pro Leu Gly 
225 230 235 240 

Met Arg Asp Thr Asp Phe His Val Pro Ala Asp Lys Leu Ala Arg Phe 
245 250 255 

Ala Gly Cys Gly Tyr Phe Thr Asp Glu Gin Thr Gly Glu Lys Thr Arg 
260 265 270 

Met Asp Arg Asp Gly Ala Glu Ser Ala Tyr Ala Ser Pro Pro Ala Phe 
275 280 285 

Pro Ser Gly Ala Ala Gly Leu Val Ser Thr Val Asp Asp Tyr Leu Leu 
290 295 300. 

Phe Ala Arg Met Leu Met Asn Gly Gly Val His Glu Gly Arg Arg Leu 
305 310 315 320 

Leu Ser Ala Ala Ser Val Arg Glu Met Thr Ala Asp His Leu Thr Pro 
325 330 335 

Ala Glr. Lys Ala Ala Ser Ser Phe Phe Pro Gly Phe Phe Glu Thr His 
340 345 350 

Gly Trp Gly Tyr Gly Met Ala Val Val Thr Ala Pro Asp Ala Val Ser 
355 360 365 

Glu Val Pro Gly Arg Tyr Gly Trp Asp Gly Gly Phe Gly Thr Ser Trp 
370 375 380 

lie Asn Asp Pro Gly Arg Glu Leu He Gly He Val Met Thr Gin Ser 
385 390 395 400 

Ala Gly Phe Leu Phe Ser Gly Ala Leu Glu Arg Phe Trp Arg Ser Val 
405 410 415 

Tyr Val Ala Thr Glu Ser Ala 
420 



<210> 11 
<211> 713 
<212> P?.T 

<213> So rang ram cellulosum 
<400> 11 

Met His Gly Leu Thr Glu Arg Gin Val Leu Leu Ser Leu Val Thr Leu 
1 5 10 15 

Ala Leu He Leu Val Thr Ala Arg Ala Ser Gly Glu Leu Ala Arg Arg 
20 25 30 

Leu Arg Gin Pro Glu Val Leu Gly Glu Leu Phe Gly Gly Val Val Leu 
35 40 45 

Gly Pro Ser Val Val Gly Ala Leu Ala Pro Gly Phe His Arg Ala Leu 
50 55 60 

Phe Gin Glu Pro Ala Val Gly Val Val Leu Ser Gly He Ser Trp He 
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65 



70 



75 



80 



Gly Ala Leu Leu Leu Leu Leu Met Ala Gly He Glu Val Asp Val Gly 
85 90 95 

He Leu Arg Lys Glu Ala Arg Pro Gly Ala Leu Ser Ala Leu Gly Ala 
100 105 110 

He Ala Pro Pro Leu Ala Ala Gly Ala Ala Phe Ser Ala Leu Val Leu 
115 120 125 

Asp Arg Pro Leu Pro Ser Gly Leu Phe Leu Gly He Val Leu Ser Val 
130 135 140 

Thr Ala Val Ser Val He Ala Lys Val Leu He Glu Arg Glu Ser Met 
145 150 155 160 

Arg Arg Ser Tyr Ala Gin Val Thr Leu Ala Ala Gly Val Val Ser Glu 
165 170 175 

Val Ala Ala Trp Val Leu Val Ala Met Thr Ser Ser Ser Tyr Gly Ala 
180 185 190 

Ser Pro Ala Leu Ala Val Ala Arg Ser Ala Leu Leu Ala Ser Gly Phe 
195 200 205 

Leu Leu Phe Met Val Leu Val Gly Arg Arg Leu Thr His Leu Ala Met 
210 215 220 

Arg Trp Val Ala Asp Ala Thr Arg Val Ser Lys Gly Gin Val Ser Leu 
225 230 235 240 

Val Leu Val Leu Thr Phe Leu Ala Ala Ala Leu Thr Gin Arg Leu Gly 
245 250 255 

Leu His Pro Leu Leu Gly Ala Phe Ala Leu Gly Val Leu Leu Asn Ser 
260 265 270 

Ala Pro Arg Thr Asn Arg Pro Leu Leu Asp Gly Val Gin Thr Leu Val 
275 280 285 

Aia Gly Leu Phe Ala Pro Val Phe Phe Val Leu Ala Gly Met Arg Val 
290 295 300 

Asp Val Ser Gin Leu Arg Thr Pro Ala Ala Trp Gly Thr Val Ala Leu 
305 310 315 320 

Leu Leu Ala Thr Ala Thr Ala Ala Lys Val Val Pro Ala Ala Leu Gly 
325 330 335 

Ala Arg Leu Gly Gly Leu Arg Gly Ser Glu Ala Ala Leu Val Ala Val 
340 345 350 

Gly Leu~Asn Met Lys Gly Gly Thr Asp Leu He Val Ala He Val Gly 
355 360 365 

Val Glu Leu Gly Leu Leu Ser Asn Glu Ala Tyr Thr Met Tyr Ala Val 
370 375 380 

Val Ala Leu Val Thr Val Thr Ala Ser Pro Ala Leu Leu He Trp Leu 
385 390 395 400 

Glu Lys Arg Ala Pro Pro Thr Gin Glu Glu Ser Ala Arg Leu Glu Arg 



405 



410 



415 
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Glu Glu Ala Ala Arg Arg Ala Tyr He Pro Gly Val Glu Arg He Leu 
420 425 430 

Val Pro He Val Ala His Ala Leu Pro Gly Phe Ala Thr Asp He Val 
435 440 445 

Glu Ser He Val Ala Ser Lys Arg Lys Leu Gly Glu Thr Val Asp He 
450 455 460 

Thr Glu Leu Ser Val Glu Gin Gin Ala Pro Gly Pro Ser Arg Ala Ala 
465 470 475 480 

Gly Glu Ala Ser Arg Gly Leu Ala Arg Leu Gly Ala Arg Leu Arg Val 
485 490 495 

Gly He Trp Arg Gin Arg Arg Glu Leu Arg Gly Ser He Gin Ala He 
500 505 510 

Leu Arg Ala Ser Arg Asp His Asp Leu Leu Val He Gly Ala Arg Ser 
515 520 525 

Pro Ala Arg Ala Arg Gly Met Ser Phe Gly Arg Leu Gin Asp Ala He 
530 535 540 

Val Gin Arg Ala Glu Ser Asn Val Leu Val Val Val Gly Asp Pro Pro 
545 550 555 560 

Ala Ala Glu Arg Ala Ser Ala Arg Arg He Leu Val Pro He He Gly 
565 570 575 

Leu Glu Tyr Ser Phe Ala Ala Ala Asp Leu Ala Ala His Val Ala Leu 
580 585 590 

Ala Trp Asp Ala Glu Leu Val Leu Leu Ser Ser Ala Gin Thr Asp Pro 
595 600 605 

Gly Ala Val Val Trp Arg Asp Arg Glu Pro Ser Arg Val Arg Ala Val 
610 615 620 

Ala Arg Ser Val Val Asp Glu Ala Val Phe Arg Gly Arg Arg Leu Gly 
625 630 535 640 

Val Arg Val Ser Ser Arg Val His Val Gly Ala His Pro Ser Asp Glu 
645 650 655 

He Thr Arg Glu Leu Ala Arg Ala Pro Tyr Asp Leu Leu Val Leu Gly 
660 .665 670 

Cys Tyr Asp His Gly Pro Leu Gly Arg Leu Tyr Leu Gly Ser Thr Val 
675 680 685 

Glu Ser Val Val Val Arg Ser Arg Val Pro Val Ala Leu Leu Val Ala 
690 695 700 



His Gly Gly Thr Arg Glu Gin Val Arg 
705 710 



<210> 12 

•<211> 126 

<212> PRT 

<213> Sorangium 



cellulosum 



<400> 12 

Met Asp Lys Pro He Gly Arg Thr Arg Cys Ala He Ala Glu Gly Tyr 
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15 10 15 

lie Pro Gly Gly Ser Asn Gly Pro Glu Pro Gin Met Thr Ser His Glu 
20 25 30 

Thr Ala Cys Leu Leu Asn Ala Ser Asp Arg Asp Ala Gin Val Ala lie 
35 40 45 

Thr Val Tyr Phe Ser Asp Arg Asp Pro Ala Gly Pro Tyr Arg Val Thr 
50 55 60 

Val Pro Ala Arg Arg Thr Arg His Val Arg Phe Asn Asp Leu Thr Glu 
65 70 75 80 

Pro Glu Pro He Pro Arg Asp Thr Asp Tyr Ala Ser Val He Glu Ser 
85 90 95 

Asp Ala Pro He Val Val Gin His Thr Arg Leu Asp Ser Arg Gin Ala 
100 105 110 

Glu Asn Ala Leu Leu Ser Thr He Ala Tyr Thr Asp Arg Glu 
115 120 125 



<210> 13 
<211> 149 
<212> PRT 

<213> Sorangium cellulosum 
<400> 13 

Met Lys His Val Asp Thr Gly Arg Arg Phe Gly Arg Arg He Gly His 
1 5 10 15 

Thr Leu Gly Leu Leu Ala Ser Met Ala Leu Ala Gly Cys Gly Gly Pro 
20 25 30 

Ser Glu Lys Thr Val Gin Gly Thr Arg Leu Ala Pro Gly Ala Asp Ala 
35 40 45 

Arg Val Thr Ala Asp Val Asp Pro Asp Ala Ala Thr Thr Arg Leu Ala 
50 55 60 

Val Asp Val Val His Leu Ser Pro Pro Glu Arg Leu Glu Ala Gly Ser 
65 70 75 80 

Glu Arg Phe Val Val Trp Gin Arg Pro Ser Pro Glu Ser Pro Trp Arg 
85 90 95 

Arg Val Gly Val Leu Asp Tyr Asn Ala Asp Ser Arg Arg Gly Lys Leu 
100 105 HO 

Ala Glu Thr Thr Val Pro Tyr Ala Asn Phe Glu Leu Leu He Thr Ala 
115 120 125 

Glu Lys Gin Ser Ser Pro Gin Ser Pro Ser Ser Ala Ala Val He Gly 
130 135 140 

Pro Thr Ser Val Gly 
145 



<210> 14 
<211> 184 
<212> PRT 

<213> Sorangium cellulosum 
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<400> 14 

Val Thr Ser Glu Glu Val Pro Gly Ala Ala Leu Gly Ala Gin Ser Ser 
15 10 15 

Leu Val Arg Ala Gin His Ala Ala Arg His Val Arg Pro Cys Thr Arg 
20 25 30 

Ala Glu Glu Pro Pro Ala Leu Met His Gly Leu Thr Glu Arg Gin Val 
35 40 45 

Leu Leu Ser Leu Val Ala Leu Ala Leu Val Leu Leu Thr Ala Arg Ala 
50 55 60 

Phe Gly Glu Leu Ala Arg Arg Leu Arg Gin Pro Glu Val Leu Gly Glu- 
65 70 75 80 

Leu Phe Gly Gly Val Val Leu Gly Pro Ser Val Val Gly Ala Leu Ala 
85. 90 95 

Pro Gly Phe His Arg Val Leu Phe Gin Asp Pro Ala Val Gly Val Val 
100 105 110 

Leu Ser Gly He Ser Trp He Gly Ala Leu Val Leu Leu Leu Met Ala 
115 120 125 

Giy lie Glu Val Asp Val Ser He Leu Arg Lys Glu Ala Arg Pro Gly 
130 135 140 

Ala Leu Ser Ala Leu Gly Ala He Ala Pro Pro Leu Arg Thr Pro Gly 
1-5 150 155 160 

Pro Leu Val Gin Arg Met Gin Gly Ala Phe Thr Trp Asp Leu Asp Val 
165 170 175 

Ser Pro Arg Arg Ser Ala Gin Ala 
180 



<210> 15 
<21i> 145 
<2 12> ?r.7 

<213> Sorangium cellulosum 
<400> 15 

Val Asn Ala Pro Cys Met Arg Cys Thr Ser Gly Pro Gly Val Arg Ser 
15 10 15 

Gly Gly Ala He Ala Pro Ser Ala Glu Ser Ala Pro Gly Arg Ala Ser 
20 25 30 

Leu Arg Arg Met Leu Thr Ser Thr Ser He Pro Ala Met Ser Ser Arg 
... 35 40 45 

Thr Ser Ala Pro He Gin Glu Met Pro Glu Ser Thr Thr Pro Thr Ala 
50 55 60 

Gly .Ser Trp Lys Arg Thr Arg Trp Asn "Pro Gly Ala Ser Ala Pro Thr 
65 70 75 80 

Thr Asp Gly Pro Ser Thr Thr Pro Pro Lys Ser Ser Pro Ser Thr Ser 
85 90 95 

Gly Trp Arg Ser Arg Arg Ala Ser Ser Pro Lys Ala Arg Ala Val Arg 
100 105 110 
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Arg Thr Ser Ala Arg Ala Thr Ser Glu Ser Arg Thr Cys Arg Ser Val 
115 120 125 

Arg Pro Cys He Arg Ala Gly Gly Ser Ser Ala Arg Val Gin Gly Arg 
130 135 140 

Thr 
145 



<210> 16 
<211> 185 
<212> PRT 

<213> Sorangium cellulosum 
<400> 16 

Val Leu Ala Pro Pro Ala Asp He Arg Pro Pro Ala Ala Ala Gin Leu 
15 10 15 

Glu Pro Asp Ser Pro Asp Asp Glu Ala Asp Glu Ala Asp Glu Ala Leu 
20 25 30 

Arg Pro Phe Arg Asp Ala He Ala Ala Tyr Ser Glu Ala Val Arg Trp 
35 40 45 

Ala Glu Ala Ala Gin Arg Pro Arg Leu Glu Ser Leu Val Arg Leu Ala 
50. 55 60 

He Val Arg Leu Gly Lys Ala Leu Asp Lys Val Pro Phe Ala His Thr 
65 70 75 80 

Thr Ala Gly Val Ser Gin lie Ala Gly Arg Leu Gin Asn Asp Ala Val 
85 90 95 

Trp Phe Asp Val Ala Ala Arg Tyr Ala Ser Phe Arg Ala Ala Thr Glu 
100 105 HO 

His Ala Leu Arg Asp Ala Ala Ser Ala Met Glu Ala Leu Ala Ala Gly 
115 120 125 

Pro Tyr Arg Gly Ser Ser Arg Val Ser Ala Ala Val Gly Glu Phe Arg 
130 135 140 

Gly Glu Ala Ala Arg Leu His Pro Ala Asp Arg Val Pro Ala Ser Asp 
145 150 155 160 

Gin Gin He Leu Thr Ala Leu Arg Ala Ala Glu Arg Ala Leu He Ala 
165 170 175 • 

Leu Tyr Thr Ala Phe Ala Arg Glu Glu 
ISO 185 



<210> 17 
<211> 146 
<212> PRT 

<213> Sorangium cellulosum 
<400> 17 

Met Ala Asp Ala Ala Ser Arg Ser Ala Cys Ser Val Ala Ala Arg Lys 
15 10 15 

Leu Ala Tyr Arg Ala Ala Thr Ser Asn Gin Thr Ala Ser Phe Trp Ser 
20 25 30 
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Leu Pro Ala He Trp Glu Thr Pro Ala Val Val Cys Ala Lys Gly Thr 
35 40 45 

Leu Ser Ser Ala Leu Pro Ser Arg Thr He Ala Ser Arg Thr Arg Leu 
50 55 60 

Ser Ser Arg Gly Arg Cys Ala Ala Ser Ala His Arg Thr Ala Ser Glu 
65 70 75 80 

Tyr Ala Ala He Ala Ser Arg Asn Gly Arg Ser Ala Ser Ser Ala Ser 
85 90 95 

Ser Ala Ser Ser Ser Gly Glu Ser Gly Ser Ser Trp Ala Ala Ala Gly 
100 105 110 

Gly Arg Met Ser Ala Gly Gly Ala Ser Thr Gly Glu Val Tyr Glu Gin 
115 120 125 

Ala Pro Arg Leu Arg Leu Ala Gin Ser Val Ala Ala Arg Arg Arg Asp 
130 135 140 

Pro Thr 
145 



<210> 18 
<211> 288 
<212> PRT 

<213> Sorangium cellulosum 
<400> 18 

val Thr Val Ser Ser Met Pro Arg Ser Trp Ser Ser Arg Val Arg Thr 
15 10 15 

Val Val Thr Ala Leu Gly Cys Ala Arg Arg Leu Ser Gly Ser He Ser 
20 25 30 

Arg Leu Arg Arg His Pro Glu Ala Gly Arg Ala Pro Arg Ser Arg Leu 
35 40 45 

Arg Ala Trp Arg Arg Leu Pro Gin His He Ser Ser Pro Trp Arg His 
50 55 60 

Leu Pro Pro Gly Ala Arg Val Gly Thr Ser Cys Pro Ala Asp Arg Arg 
65 70 75 80 

He Leu Pro Ser His Arg Thr Ala Asp Leu Gly Thr Ser Gly Gly Thr 
85 90 95 

Leu Val Ala Arg Met Ser Gly His Val Ala Arg Asn Pro His Ala Ala 
100 105 110 

Val Leu'Val Gly Asp Gly Ser Ala Arg Gly Arg Arg Arg Leu Ser Asn 
115 120 125 

Arg Arg Ala Glu Arg Arg Val Ser Asp Val Thr Cys Arg Glu Gly Gly 
130 135 140 

Glu Ala Met Gin Lys He Ala Gly Lys Leu Val Val Gly Leu He Ser 
145 150 155 160 

Val Ser Gly Met Ser Leu Leu Ala Ala Cys Gly Gly Glu Lys Arg Ser 
165 170 175 
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Gly Gly Glu Ala Gin Thr Pro Gly Gly Ala Gin Gly Glu Ala Pro Val 
180 185 190 

Pro Val Gly Ser Ala Val Asp Ser He Val Ala Ala Arg Cys Asp Arg 
195 200 205 

Glu Ala Arg Cys Asn Asn He Gly Gin Asp Arg Glu Tyr Ser Ser Lys 
210 215 220 

Asp Ala Cys Ser Asn Lys He Arg Ser Glu Trp Arg Asp Glu Leu Thr 
225 230 235 240 

Phe Gly Glu Cys Pro Gly Gly He Asp Ala Lys Gin Leu Asn Glu Cys 
245 250 255 

Leu Glu Gly He Arg Asn Glu Gly Cys Gly Asn Pro Phe Asp Thr Leu 
260 265 270 

Gly Arg Val Val Ala Cys Arg Ser Ser Asp Leu Cys Arg Asp Ala Arg 
275 280 285 



<21C> 19 
<2U> 288 
<212> PRT 

<213> Sorangium cellulosum 
<400> 19 

Val Thr Val Ser Ser Met Pro Arg Ser Trp Ser Ser Arg Val Arg Thr 
1 5 10 15 

Val Val Thr Ala Leu Gly Cys Ala Arg Arg Leu Ser Gly Ser He Ser 
20 25 30 

Arg Leu Arg Arg His Pro Glu Ala Gly Arg Ala Pro Arg Ser Arg Leu 
35 40 45 

Arg Ala Trp Arg Arg Leu Pro Gin His He Ser Ser Pro Trp Arg His 
50 55 60 

Leu Pro Pro Gly Ala Arg Val Gly Thr Ser Cys Pro Ala Asp Arg Arg 
65 70 75 80 

He Leu Pro Ser His Arg Thr Ala Asp Leu Gly Thr Ser Gly Gly Thr 
85 90 95 

Leu Val Ala Arg Met Ser Gly His Val Ala Arg Asn Pro His Ala Ala 
100 105 110 

Val Leu Val Gly Asp Gly Ser Ala Arg Gly Arg Arg Arg Leu Ser Asn 
"115 120 125 

Arg Arg Ala Glu Arg Arg Val Ser Asp Val Thr Cys Arg Glu Gly Gly 
130 135 140 

Glu Ala Met Gin Lys He Ala Gly Lys Leu Val Val Gly Leu He Ser 
145 150 155 160 

Val Ser Gly Met Ser Leu Leu Ala Ala Cys Gly Gly Glu Lys Arg Ser 
165 170 175 

Gly Gly Glu Ala Gin Thr Pro Gly Gly Ala Gin Gly Glu Ala Pro Val 
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180 185 190 

Pro Val Gly Ser Ala Val Asp Ser He Val Ala Ala Arg Cys Asp Arg 
195 200 205 

Glu Ala Arg Cys Asn Asn He Gly Gin Asp Arg Glu Tyr Ser Ser Lys 
210 215 220 

Asp Ala Cys Ser Asn Lys He Arg Ser Glu Trp Arg Asp Glu Leu Thr 
225 230 235 240 

Phe Gly Glu Cys Pro Gly Gly He Asp Ala Lys Gin Leu Asn Glu Cys 
245 250 255 

Leu Glu Gly He Arg Asn Glu Gly Cys Gly Asn Pro Phe Asp Thr Leu 
260 265 270 

Gly Arg Val Val Ala Cys Arg Ser Ser Asp Leu Cys Arg Asp Ala Arg 
275 280 285 



<210> 20 
<211> 155 
<212> PRT 

<213> Sorangium cellulosum 
<400> 20 

Met Asp Pro Arg Ala Arg Arg Glu Lys Arg Pro Ser Leu Leu Asp Ser 
-5 10 15 

Arg Gly Arg Gin Pro Lys Arg Ser Gin Gin Gly Gly His Met Glu Lys 
20 25 30 

Pro He Gly Arg Thr Arg Trp Ala He Ala Glu Gly Tyr He Pro Gly 
35 40 45 

Arg Ser Asn Gly Pro Glu Pro Gin Met Thr Ser His Glu Thr Ala Cys 
50 55 60 

Leu Leu Asn Ala Ser Asp Arg Asp Ala Gin Val Ala He Thr Val Tyr 
65 70 75 80 

Phe Ser Asp Arg Asp Pro Ala Gly Pro Tyr Arg Val Thr Val Pro Ala 
85 90 95 

Arg Arg Thr Arg His Val Arg Phe Asn Asp Leu Thr Glu Pro Glu Pro 
100 105 HO 

He Pro Arg Asp Thr Asp Tyr Ala Ser Val He Glu Ser Asp Val Pro 
115 120 125 

He Val Val Gin His Thr Arg Leu Asp Ser Arg Gin Ala Glu Asn Ala 
130 135 140 

Leu He Ser Thr He Ala Tyr Thr Asp Arg Glu 
145 150 155 



<210> 21 

<211> 156 

<212> PRT 

<213> Sorangium 



cellulosum 
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<400> 21 

Val Arg Arg Ser Arg Trp Gin Met Lys His Val Asp Thr Gly Arg Arg 
15 10 15 

Val Gly Arg Arg He Gly Leu Thr Leu Gly Leu Leu Ala Ser Met Ala 
20 25 30 

Leu Ala Gly Cys Gly Gly Pro Ser Glu Lys He Val Gin Gly Thr Arg 
35 40 45 

Leu Ala Pro Gly Ala Asp Ala His Val Ala Ala Asp Val Asp Pro Asp 
50 55 60 

Ala Ala Thr Thr Arg Leu Ala Val Asp Val Val His Leu Ser Pro Pro 
65 70 75 80 

Glu Arg He Glu Ala Gly Ser Glu Arg Phe Val Val Trp Gin Arg Pro 
85 90 95 

Ser Ser Glu Ser Pro Trp Gin Arg Val Gly Val Leu Asp Tyr Asn Ala 
100 105 110 

Ala Ser Arg Arg Gly Lys Leu Ala Glu Thr Thr Val Pro His Ala Asn 
115 120 125 

Phe Glu Leu Leu He Thr Val Glu Lys Gin Ser Ser Pro Gin Ser Pro 
130 135 140 

Ser Ser Ala Ala Val He Gly Pro Thr Ser Val Gly 
145 150 155 



<210> 22 
<211> 305 
<212> PRT 

<213> Sorangium cellulosum 
<400> 22 

Met Glu Lys Glu Ser Arg He Ala He Tyr Gly Ala He Ala Ala Asn 
15 10 15 

Val Ala He Ala Ala Val Lys Phe He Ala Ala Ala Val Thr Gly Ser 
20 25 30 

Ser Ala Met Leu Ser Glu Gly Val His Ser Leu Val Asp Thr Ala Asp 
35 40 45 

Gly Leu Leu Leu Leu Leu Gly Lys His Arg Ser Ala Arg Pro Pro Asp 
50 55 60 

Ala Glu His Pro Phe Gly His Gly Lys Glu Leu Tyr Phe Trp Thr Leu 
65 70 75 80 

He Val Ala He Met lie Phe Ala Ala Gly Gly Gly Val Ser He Tyr 
85 90 95 

Glu Gly He Leu His Leu Leu His Pro* Arg Gin He Glu Asp Pro Thr 
100 105 110 

Trp Asn Tyr Val Val Leu Gly Ala Ala Ala Val Phe Glu Gly Thr Ser 
115 120 125 

Leu He He Ser He His Glu Phe Lys Lys Lys Asp Gly Gin Gly Tyr 
130 135 140 
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Leu Ala Ala Met Arg Ser Ser Lys Asp Pro Thr Thr Phe Thr He Val 
145 150 155 160 

Leu Glu Asp Ser Ala Ala Leu Ala Gly Leu Thr He Ala Phe Leu Gly 
165 170 175 

Val Trp Leu Gly His Arg Leu Gly Asn Pro Tyr Leu Asp Gly Ala Ala 
180 185 190 

Ser He Gly He Gly Leu Val Leu Ala Ala Val Ala Val Phe Leu Ala 
195 200 205 

Ser Gin Ser Arg Gly Leu Leu Val Gly Glu Ser Ala Asp Arg Glu Leu 
210 215 220 

Leu Ala Ala He Arg Ala Leu Ala Ser Ala Asp Pro Gly Val Ser Ala 
225 230 235 240 

Val Gly Arg Pro Leu Thr Met His Phe Gly Pro His Glu Val Leu Val 
245 250 255 

Val Leu Arg lie Glu Phe Asp Ala Ala Leu Thr Ala Ser Gly Val Ala 
260 265 270 

Glu Ala He Glu Arg He Glu Thr Arg He Arg Ser Glu Arg Pro Asp 
275 280 285 

Val Lys His He Tyr Val Glu Ala Arg Ser Leu His Gin Arg Ala Arg 
290 295 300 

Ala 



<210> 23 
<211> 135 
<212> PRT 

<213> Sorangium cellulosum 
<400> 23 

Vai Gin Thr Ser Ser Phe Asp Ala Arg Tyr Ala Gly Cys Lys Ser Ser 
15 10 15 

Arg Arg He Ala Arg Ser Gly Ser Ala Gly Ala Arg Ala Gly Arg Ala 
20 25 30 

His Glu Gly Ala Ala Ser Ala Gly Phe Glu Gly Gly Asp Val Met Arg 
35 40 45 

Lys Ala Arg Ala His Gly Ala Met Leu Gly Gly Arg Asp Asp Gly Trp 
50 55 60 

Arg Arg-Gly Leu Pro Gly Ala Gly Ala Leu Arg Ala Ala Leu Gin Arg 
65 70 75 80 

Gly Arg Ser Arg Asp Leu Ala Arg Arg Arg Leu He Ala Ser Val Ser 
85 90 95 

Leu Ala Gly Gly Ala Ser Met Ala Val Val Ser Leu Phe Gin Leu Gly 
100 105 110 

He He Glu Arg Leu Pro Asp Pro Pro Leu Pro Gly Phe Asp Ser Ala 
115 120 125 
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Lys Val Thr Ser Ser Asp He 
130 135 

<210> 24 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: universal 
reverse primer 

<400> 24 

ggaaacagct atgaccatg 19 

<210> 25 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: universal 
forward primer 

<400> 25 

gtaaaacgac ggccagt 17 

<21C> 26 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PGR primer 
NH24 end 

<400> 26 

gtgactggcg cctggaatct gcatgagc 28 

<210> 27 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PCR primer NH2 
end "A" 

<400> 27 

agcgggagct tgccagacat tctgtttc 28 

<210> 28 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PCR primer NH2 
end "3" 

<400> 28 

gacgcgcctc gggcagcgcc ccaa 24 
<210> 29 
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<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PCR primer 
PEP015-NH6 end "B" 

<400> 29 

caccgaagcg tcgatctggt ccatc 25 

<210> 30 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PCR primer 
PEP015H2.7 end "A" 

<400> 30 

cggtcagatc gacgacgggc tttcc 25 
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